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Find out more about the SPA, 
our meetings and bi-monthly magazine at our website 


Join us online today for just £22 a year or £16 for juniors 
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Exactly 15 years 
ago this month, 
space Shuttle 
- making its 

retum flight 
to Earth. On board were seven 
astronauts: mission specialists 
Laurel Clark, David Brown and 
Kalpana Chawla, payload specialist 
Ilan Ramon, payload commander 
Michael Anderson, pilot Wiliam 
McCool and commander Rick 
Husband. Sadly, the crew members 
wouldnt be meeting their friends or 
family after their 16-day mission, on 
which they carned out an impressive 
multitude of scientific experiments. 
Columbia disintegrated as it plunged 
through our planet's atmosphere, 
where it was heated to enormously 
high temperatures, killing everyone 
inside its cockpit. 

It was a tragedy that shook NASA, 
forcing the space agency to cease 
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operations of the Space Shuttle 
program for over two years. The 
culprit responsible for Columbia's 
in-flight break up was a chunk of 
foam that had broken off the space 
vehicle's external tank. During 
liftoff, the flyaway piece struck 

the left wing, causing irreparable 
damage. Flight control reasoned 
that it was best that the crew didn't 
know about their impending 
doom, and so they waited until they 
lost contact with the astronauts. 
What did NASA learn from the 
disaster? A lot. The bravery of 
Columbia's crew has assisted in our 
future of space exploration in more 
ways than one - turn to page 60 to 
find out how. 
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Colin Stuart 
Astronomer & author 
It tums out that probing 
into gravitational waves 
implies that there willbe 
a bang at the end of the 
universe. Colin chats to 
Sir Roger Penrose about 


lan Evenden 
Science & 
technology writer 


Seven astronauts 


perished on board Space 


4) Shuttle Columbia 15 


learned from the tragedy. 


Benjamin Skuse 
Mathematician & 
science writer 
Believe itor not, space 
changes how you think. 
Benjamin meets the 
researchers probing 


_ astronaut brains, with 


some surprising results. 


Nick Spall 

Space and 

science writer 

Nick headed over to ESA's 
European Astronaut 
Centre (EAC) in Cologne 
tochat to Tim Peake 
about his next big 
mission into space. 


TWEET US 
@spaceanswers 

POST ON FACEBOOK 
Ce ee 










WWww.spaceanswers.com SESPACEATSHETS OT : 























YOUR FIRST CONTACT 
WITH THE UNIVERSE 


Space fever, 
secrets of the 

“gas Planets revealed, Star 
Wars on the International 
Space Station and more 
images are released from 
the long-serving Hubble 
Space Telescope 


FEATURES 
Gravitational around in microgravity could 


- change an astronaut's behaviour 
Waves 


Have these npples in space-time 


just revealed that there's a bang at «Been a lights up 


the end of the universe? ali forni 


What was initially a to be a 





UFO, was Elon Musk launching his 
Origami last rocket of 2017 
spacecraft 
A private space company is using The star that 
the art of Japanese paper foldingto =~ won't die 
pack up space missions Astronomers have discovered a 

supemova and it's weirder than 

Behind the they thought. All About Space 
scenes at ESA reveals what could be causing it to 
with Tim Peake act so strangely 
We hung out with the british ESA 
astronaut, who revealed all about The Columbia 
his new mission into space ~  @isaster 
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Neptune 
Dive into the layers of the furthest 
planet from the Sun and get to 

know its moon system 


What happened, 
meets NN Selentee| 





The Deep Space Network could 

be our best chance of getting 
humans back on the lunar surface, 
according to ESA's James Carpenter 


Space change 
‘how you think 


New research suggests that floating 
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Exclusive from ESA 

‘I could one day take a seat in one 
of the US vehicles rather than in 
lone of the seats] of the Soyuz’ 


2 Tim Peake 
UK ESA astronaut 
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Your complete guide to the night sky 
_Astronomier's 

‘guide to star 
parties 

What to expect and where 

you need to be for the best 


astronomical gatherings all over 
the world 


What's in the sky? 


The spectacular observing events 
you simply can't miss 


Month's planets 
The Red Planet is once again an 
impressive sight for early observers 


Moon tour 
Get to know one of the brightest 
impacts on the lunar surface 


Naked e 
~ binocular targets 


See some dazzling stars and misty 
galaxies this February 


32 How to... Watch a 
lunar occultation 


vas ETS , The Moon blocks out the ‘eve of 
Malt ) | the Bull orange giant Aldebaran 
su em e : this month - don't miss it 
8 54 Deep sky challenge 
Push your telescope to the limit in 


the constellations of Gemini and 
Cancer 


How to... Report a 
‘discovery 

Make your observations of the 
night sky count with our guide 


_Astrophotos of 
the month 


We feature more of your 
stunning astroimages 























Visit the All About Space 
online shop at 


www.myfavouritemagazines.co.uk 


For back issues, books, 
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Star Wars on the 
International 
Space Station 


In aspace station far, far away, there was a happy 
group of astronauts who sat down to watch the latest 
instalment of the Star Wars saga. 
Soon after the premiere of Star Wars: The Last +a 
Jedi, the astronauts on board the International Space ae head 
—_ A, 





Station were able to get their own viewing of it at 

around 400 kilometres (250 miles) above the ground. iy a 

During the time it took them to watch this movie, they “e : * i = : 
4 a had completed over one and a half orbits of the Earth. sone 





















Launching 
more Galileo 
satellites 


ESA's Galileo constellation of satellites 
continues to progress with another launch 
from Europe's Spaceport in Kourou, French 
Guiana. Four more craft were sent up 

into space on board an Ariane 5 rocket, 
transporting Galileo satellites 19 to 22. 
These satellites were sent to an 
astonishing orbital altitude of 22,922 
kilometres (14,243 miles), where the 
finished project will consist of 24 operational 
satellites and six spares already in orbit. 
Together they will provide Europe with its 
own global navigation satellite system. 


Intergalactic skyrocket 


NASA and ESA's Hubble Space Telescope has produced another celestial gem, showing us 
the vibrant star formation within the dwarf galaxy Kiso 5639. The interesting combination of 
illuminated, red gas and stream of blue stars seems to resemble a skyrocket. 

The pink end of the galaxy is a cloud of hydrogen gas, lit up by young, hot stars enshrouded 
within the structure. Towards the right-hand side is much less gas, and many more bright, blue 
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Mapping the husks 
of a dead star 
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supernova. The remnants of this eruption are cast into the 
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other celestial items that reside in outer space. 

Peele Or eae RuCl meni ROL: 
locations of different elements within the supemova explosion 
commonly known as Cassiopeia A. In this X-ray image, silicon is 
shown in red, sulphur in yellow, calcium in green and iron in an 
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= “a= © £ Faults across the 
surface of Mars 


As new images emerge from Mars via NASA's Mars 
Reconnaissance Orbiter (MRO), new science is being 
conducted and new information is emerging about our 
mysterious planetary neighbour. 

The northern region of the Meridiani Planum 
showcases a series of cracks and fractures that have 
disrupted layered deposits. In some cases, there 

have been clean breaks in the landscape that have 
displaced the individual beds, which implies that these 
cracks occurred when the deposits were old and 
solidified. In other cases, the faults appear to spread 
out, suggesting that this happened when Martian 


debris were soft, later becoming deformed. 
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Bubbles on a 
(aeear leer 


The Very Large Telescope tumed its sights to the cool, red giant 
star known as Pil Gruis, which could reveal some clues as to 
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Great American 
| Kel ies 
On the 21 August 20T/, a total solar eclipse caused 
St glorious view that was observed keenly 
af fate ee MO =a pele eee me em an 
r wonderful sight, it also provided scientists with a 
Valuable opportunity to study the Sun's corona. 

The corona is the high-temperature region surrounding 
the Sun, which is normally out of view due to the highly- 
luminous photosphere. When the Moon blocked out 
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A supermoon visits 
La Silla Observatory 


ESO's La Silla Observatory in the Atacama Desert of Chile is 
home to many telescopes. Here a supermoon ‘resting’ atop the 
Chilean mountains pays it a visit. Due to the slightly elliptical 
orbit of the Moon around the Earth, our lunar companion 
reaches its closest position to the Earth - also known as its 
erate eee Rea) Re Be 
Moon, which happens every 29.5 days, a supermoon is born. 
This event causes the Moon to appear 10 per cent larger in the 
sky and causes much marvel. 
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catch on long missions 
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NASA creates new logo to mark 60 years 


Space agency is celebrating its anniversary 
with a new commemorative artwork 


NASA has unveiled a new logo to 
mark its 60th anniversary as a US 
government agency. Created by 
Matthew Skeins, a graphic artist for 
the National Aeronautics and Space 
Administration, it is said to depict 
“how NASA is building on its historic 
past to soar toward a challenging 
and inspinng future’. 

The space agency was established 
on 29 July 1958 when legislation 
was signed by President Dwight 
Eisenhower. It formally began 
operation on 1 October that year, 
with just 8,000 employees and an 
annual budget of $100 million. The 
first launch, Pioneer 1, followed 11 
days later, but it wasn't until 20 July 
1969 that it truly made its mark: 
winning the space race and seeing 
Neil Armstrong become the first 
human to set foot on the Moon. 

For the latest official logo, NASA 
and the number 60 are stacked 


on top of each other above the 
continental United States, the 
curvature of Farth and the light of 
an approaching dawn. A light-blue 
and white arc shows the sunrise, 
which NASA says, “symbolises 
opportunity yet to come through 
exploration of the Moon, Mars and 
destinations far beyond." 

There are also two vectors - red 
and blue - which form a number 
six. The blue is said to represent 
NASA's roots in aeronautics research, 
while the red represents the 
administration's leadership of an 
exploration program. The crescent 
moon, nnged planet and field of stars 
symbolise NASA's focus on science. 

The new logo is NASA's fourth 
commemorative artwork, sitting 
alongside those created for the 
425th anniversary in 1983, the 40th 
anniversary in 1998 and the 50th 
anniversary in 2008. 


The stacked NASA and 60 evokes 
physicist Isaac's Newton's phrase: 


Jupiter's weird switching jet stream 

could be caused by gravity waves 

An explanation for the regular reversal of the gas giant’s atmosphere 
could have implications for our understanding of Earth's weather 


Jupiter's powertul jet streams could 
be regularly changing direction due 
fo gravity waves, according to a 
new study. Research suggests that 
gravity waves climb the gas planet's 
stratosphere and force the equatorial 
jet stream to reverse every four 
years. If confirmed, scientists will 
be understandably excited, as this 
would not only help solve a 
decades-long mystery, but it could 
also help explain extreme weather 
patterns on Earth. 

The new study centred on the 
jet stream flowing east to west on 
Jupiter, referred to as the quasi- 
quadrennial oscillation (QQ0). 
scientists were able to examine it 
over five years using the Texas Cross 
Echelle Spectrograph mounted on 
NASA's Infrared Telescope Facility in 
Hawaii, and they could compare the 
data gleamed with simulations. In 
doing so, they found gravity waves 
produced by convection low in the 
atmosphere were causing the O00 


as they rose. 
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lower atmosphere and 
produces gravity waves 


Since the equatorial jet stream 
also reverses direction every 28 
months here on Earth and changes 
the weather conditions, the findings 
have widespread implications for 
our understanding of this equatorial 
phenomenon. "We gained a better 
understanding of the physical 
mechanisms coupling the lower 


and upper atmosphere in Jupiter, 
and a better understanding of 

the atmosphere as a whole," says 
Raul Morales-Juberias at the 

New Mexico Institute of Mining 
and Technology. Our planet's 

jet stream was first discovered 
following the eruption of Krakatoa 
in Indonesia in 1883. 


“standing on the shoulders of giants” 
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SpaceX’s top-secret 
mission succeeds 

SpaceX successfully launched a 
secret government satellite mission 
on its Falcon 9 rocket. Code-named 
Zumia, it blasted off from Cape 
Canaveral Air Force Station on 9 
January with the booster's two 
stages separating two minutes and 19 
seconds into flight. 


Ancient stone 
structure may depict 


Earth's making 


A 1,000-year-old stone structure in 
Mexico may have been created as 

a miniature model of the universe. 
Researchers say the shrine - located 
in the middle of a pond near the 
Iztaccihuatl volcano - represents the 
creation of Earth and the universe. 


China to land on 
Moon's far side 

China will seek to complete the 

first soft landing on the far side of 
the Moon later this year when it 
launches the Change 4 lunar probe. 
First it says it will launch a relay 
satellite, allowing data to be replayed 
between controllers on Earth and the 
Chang’e lander and rover. 


Society for Popular 
Astronomy 
relaunches website 
Fledgling stargazers will find lots 

of helpful articles and guidance at 
popastre.com, including information 


on using a telescope, learning how to 
take your first images and choosing 
the best equipment. 


Stay up to date... 


® wwwsspace 
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An artist's impression of 
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Ringed object may oe 
gas planet secrets 


The structure of Chariklo's rings has be& 
closely examined to shed fresh light on 


Astronomers appear closer to 
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of the outer Solar System came to 
be formed. Fresh observations of 
Chariklo, the centaur which orbits 
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circular rings about mine-miles apart. 
But, just as exciting, they show a 


ae 


stark similarity with the alpha, beta 
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words, they have the same degree of 
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denser than the centre. 

Having observed 12 successful 
occulations by Chariklo between 
2014 and 2016, scientists have ruled 
out that the rings were spewed from 
the centaur itself, and that there is no 
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of an early moonlet. Diane Bérard, a 
researcher at the Paris Observatory, 
tells All About Space that a passing 
object may have slammed into 
Chariklo and created the moon. 
Alternatively, its gravity swept up the 
rubble as it travelled through space. 
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more massive than the centaur. 

The rings are studied by observing 


Chariklo as it passes in front of a star, 


allowing astronomers to view the 
areas of light that are being blocked. 
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Discovered meteorite "came 


from unknown asteroid” Top tech to reveal Earth-sized 


planets around Alpha Centauri 


Astronomers are hopeful that advances in technology will 
capture images of worlds in the nearby star system 


Research reveals that a meteorite spotted by a network of 
cameras in Australia did not come from the Vesta family 


Fresh studies of a meteorite which fell to Earth 
over Australia more than ten years ago show 
that it came from a previously unknown 
parent asteroid. It had been thought that 
Bunburra Rockhole, which arrived on 

our planet on 21 July 2007, had come 

from a large group of meteorites that 

had broken off Vesta, the second-largest 

body in the Asteroid Belt between Mars 

and Jupiter. 

Closer examination showed the 
meteorite's oxygen signature was different 
to those of Vesta, even though the bulk 
composition was similar. It has led scientists 
to consider three possibilities: that the rock was 
contaminated, that it came from an unsampled part of Vesta or that it is 
actually from a differentiated asteroid that has yet to be discovered. 

Yet the first two potentials were soon ruled out, leaving just the third and 
most exciting one. “Either there is another big asteroid that we haven't found 
yet, says lead scientist Gretchen Benedix, a geologist at Curtin University in 
Australia, “or the asteroid that Bunburra Rockhole originated from has evolved 
over time through space weathering and impact processing.’ 

The scientists now say that it is likely Bunburra Rockhole's parent body 
formed in a similar part of the Solar System as Vesta, but that it would have 
been slightly smaller than the latter. They also say Bunburra Rockhole is a 
basalt meteorite, which indicates that melting took place in the parent body 
when the layers became separated and the asteroid differentiated. Where it 
came from exactly, however, remains a mystery. 


The number of images detected 
from Earth-sized planets in the 
Alpha Centaun system could 
explode in the next decade, 
thanks to the development of 
anew observation technology. 
Ruslan Belikov, an astrophysicist 
at NASA's Ames Research Centre 
in California, is working on a 
method which bounces light from 
stars and planets on to deformable 
miurrers within telescopes. This, he 
says, would alter the shape of their 
surfaces and correct imperfections, 
getting around the problem of 


hight leakage, which can make 
exoplanets hard to spot. 

Currently, astronomers use 
coronagraphs to block the light 

'§ in order to better see 

the exoplanets, but some systems 
- including the triple-star system 
Alpha Centauri - have more 
than one star and it is difficult to 
completely block the ight from 
them all. “We hope to infuse our 
technology into future space 
telescopes to enable them to target 
Alpha Centauri and other binaries,” 
Belikov says. 
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Astronomers believe there are more Earth-sized planets lurking 
in the habitable zones of Alpha Centauri A and B 
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Gravitational waves 


ow can something come from nothing?” 
It is one of the most common and 
thorniest questions related to the Big 
Bang. The most accepted theory of our 
universe's beginnings has it starting as an infinitely 
small, infinitely dense point that expanded 
outwards and cooled to become the modem 
cosmos. But what was the cause of this event nearly 
14-billion-years ago? Even this is a question loaded 
with problems. If the Big Bang created time - as 
conventional thinking says - then you can't talk 
about ‘before’ or a prior cause, as those are notions 
that only make sense if time already existed. 
sir Roger Penrose, long-time collaborator of 
stephen Hawking, believes he has a way to banish 
these problems for good. What's more, astronomers 
might just have found evidence to confirm he's 
right. His theory is called Conformal Cyclic 
Cosmology (CCC), and it says that the explosive 


fi 






birth of our universe arose during the twilight years 
of another. There was a time before the Big Bang. 
According to Penrose, there is “a mammoth in the 
room that no cosmologist is currently addressing 
- how the early universe at the Big Bang was, in 
some ways, very similar to the state our universe 
is heading for in the distant future. In both cases, 
mass Makes a significantly lower contribution 
to the total energy of the universe than it does 
today. To calculate kinetic energy - the energy of 
motion - you half the mass and multiply it by its 
velocity squared. In the first moments after the 
Big Bang, when the cosmos was very hot, particles 
were flying around stupendously fast. That means 
their speed made the majonty contribution to the 
universe's total energy, not their mass. 
The same can be said of the universe's future. 
In 1998, physicists discovered that the universe 
was expanding at an ever-increasing rate, shaking 


‘If the Big Bang created time 
then you cant talk about ‘before’ 













A map of the CMB using nine 
years of data from the Wilkinson 
ite teat Cee Nee] Nan) OY 

Probe (WMAP) 


the astronomical community to its core. They had 
expected the cosmos to be slowing down as the 
power of the Big Bang waned. So, for the expansion 
to be accelerating again, astronomers believed there 
must be some invisible entity - known as dark 
energy - pushing everything apart. Eventually, all 
matter in the universe will be separated to such a 
creat extent that mass again becomes a trivial factor 
in the overall energy of the cosmos. 

In both cases the universe will eventually be 
dominated by light, not matter. And for a photon 
(a massless particle of light) time and length does 
not exist. Ride along on a photon and youd zip 
across the visible universe in literally no time. That 
insight was Penrose's key breakthrough. “In both 
cases the universe doesnt know how big it is," he 
says. As far as the universe is concerned, its hot, 
small beginning is physically identical to its cold, 
huge future. That in itself isn't controversial, but 
Penrose goes a step further. “This remote 
future becomes another Big Bang,” he 
says. 50 what happened before the 
Big Bang? According to Penrose 
another universe ended, and 
that universe sprung from the 
death of yet another. Penrose 
calls each period an “aeon.’ 
The aeons go further and 
further back in time with no 
need for an initial beginning. 








How LIGO detected 
gravitational waves 
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In some ways it's a return to the steady state model 
that prevailed before the Big Bang gained significant 
traction in the mid-2Oth century. 

He admits it's a “wild suggestion’, but believes 
that like all good scientific theories, it might be 
tested through expenment and observation. These 
tests stem from the idea that our aeon and the one 
preceding it were not completely isolated from one 
another. “Information does get through,” he says. 

‘Tt gets through in the form of a shock wave in our 
universe's initial dark matter.” Dark matter, like dari 
energy, is a shadowy substance, this time needed to 
account for the way structures such as galaxies and 
clusters of galaxies formed in the early universe. 
According to Penrose's calculations, that shock wave 
would have had an effect on the Cosmic Microwave 


An aerial shot of the Virgo detector, near Pisa, Italy, 
showing one of its three-kilometre arms 
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Background (CMB) - the leftover radiation from the 
Big Bang, released when the universe was under 
400,000-years-old. “You'd see rings in the CMB 
that are slightly warmer or cooler than the average 
temperature,” he says. 

The equations of CCC predict that a shock wave 
arriving from a previous aeon would have dragged 
matter into our universe behind it. If that caused 
material to head towards us, we would see light 
from that region shunted to shorter wavelengths 
- an effect astronomers call blueshift. Equally, a 
region carned away from us by a CCC shock wave 
would be redshifted - its wavelength would be 
stretched out. Blueshifted regions would appear 
hotter and redshifted areas cooler. It's these changes 
Penrose believes we'd see as rings in the Cosmic 
Microwave Background. Multiple shockwaves might 
even have produced a series of concentric rings. ‘I 
asked whether anyone had looked for these rings in 
the sky, says Penrose. 

Several years ago it did seem as if those rings 
had been found, a veritable smoking gun for CCC. 
“Except nobody believed us - they said it must 
have been a fluke or something,” says Penrose. 

“But those signatures have been confirmed by 
alternative groups, says Vahe Gurzadyan from the 
Yerevan Physics Institute in Armenia and Penrose's 
long time collaborator on CCC. They point to the 
fact that a team of Polish and Canadian researchers 
confirmed the presence of the rings to a confidence 
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Peace Era] dark matter of the new 
-universe, potentially leading-to an observable 
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level of 99°7 per cent. However, there are sill many 
doubters. Gurzadyan remains steadfast. “These 
structures are real - there is no doubt that our 
calculations are reliable and correct,’ he says. Still, 
Penrose has been exploring other approaches that 
might sure up the pair's claims about CCC and a 
time before the Big Bang. 

The transition between aeons would do 
something more fundamental that just create a 
shock wave in our dark matter and rings in the 
Cosmic Microwave Background. “A new material, 
the dominant matenal in the universe, is created at 
the crossover” Penrose regards that new material 
as the initial form of dark matter itself. “But in order 
that it doesn't build up from aeon to aeon it has 
to decay.” Penrose says. He calls these initial dark- 
matter particles erebons after Erebos, the Greek 
god of darkness. On average it would take 100 
billion years for an erebon to decay, but there are 
some that will have decayed in the 14-bilhon-year 
history of our universe. Crucially, as they decay, 
Penrose says erebons dump all their energy into 
eravitational waves. 

Gravitational waves are distortions in the fabric 
of space-time, predicted by Einstein over a century 
ago as part of his General Theory of Relativity. For 
most of that century we didn't know if gravitational 
waves even existed. But, that changed on 14 
September 2015, when physicists using the Laser 
Interferometer Gravitational-Wave Observatory 
(LIGO) announced the detection of gravitational 
waves alTiving at the Earth, from two black holes 
which had smashed together at nearly one-half 
the speed of light. Several other detections have 
followed, including more black hole mergers, 
along with the collision of two neutron stars - the 
collapsed cores of massive stars (but are too small 


to form black holes) that have gone supernova. 
Last summer the astronomical community 
was buzzing with rumours that these detections 
might not have been what they seemed after all. A 
team from The Niels Bohr Institute in Copenhagen 
published a paper suggesting that the signals were 
not gravitational wave events, but ghosts in the data 
instead. By the time a gravitational wave makes it to 
the Earth its signal is very weak, making it difficult 
for physicists to pick out these disturbances above 
the background ‘noise’ of more mundane terrestrial 
events that might also wiggle LIGO's sensitive 
mirrors. If the same signal is picked up by both 
detectors, that is a massive clue that it has come 
from space. The noise, however, should not 
be correlated in the same way. A truck trundling 
by in Washington State should not affect the 
other detector over 3,000 kilometres (1,864 miles) 
away in Louisiana. 
The Copenhagen team performed their own 
independent analysis of the LIGO data and found 
that the noise was indeed correlated too. LIGO 


LISA Pathfinder spent 16 months in space as a 
gravitational wave laboratory until July 2017 
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physicists may have been fooled into thinking 
they were picking up gravitational waves when 
they weren't. Perhaps there was something up 
with the detectors that meant they produced 
gravitational wave signals where none existed. The 
Copenhagen paper was met by a swift rebuke from 
Tan Harry, a physicist at the Max Planck Institute 
for Gravitational Physics in Germany and a member 
of the LIGO team. He argued that the Copenhagen 
team hadn't performed their analysis correctly - 
there was no correlated noise. 

When Roger Penrose heard about this saga he 
thought more about what could be causing any 
correlated noise. “Maybe they are seeing erebon 
decay, he says. He soon published his own paper 
setting out more details behind his claim. The 
alTival of gravitational waves from erebon decay 
would be correlated between the two detectors, as 
the waves meet one before reaching the other. Yet 
as they'd have nothing to do with black holes or 


LISA is scheduled to launch in 2034 and aims to 
measure low-frequency gravitational waves 
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“The equations of CCC predict that a 
shock wave arriving from a previous@ 
aeon would have dragged matter into 
our universe behind it” 


neutron stars, they might be dismissed as noise. 
Indeed, Penrose argues that what the Copenhagen 
team found isn't correlated terrestrial background 
noise, but correlated noise from background erebon 
decay out there in the universe. 

So how likely is that to be the case and CCC to 
be the right approach to the troublesome questions 
surrounding the Big Bang? “It's classic Roger 
Penrose,” says Andrew Pontzen, a cosmologist at 
University College London. “It's a very thought- 
provoking idea that brings together a lot of very 


In October 2017, the crashing of two neutron stars 
produced detectable gravitational waves and light 


clever strands into a really nice vision for the way 
the universe could behave over extremely long 
timescales,” he says. “It's a beautiful theory and 
it deserves a lot of attention.” However, Pontzen 
points out that the orginal data analysis on the 
CMB rings - Penrose's first proposed test of CCC - 
was “quite badly flawed" and “reached conclusions 
that couldn't really be supported." Similarly, he 
supports the conclusions of the LIGO collaboration, 
which found that the correlated noise between its 
detectors isn't real, and so can't be caused by erebon 
decay. “Data analysis is tremendously subtle. There 
are these pitfalls that are waiting to be fallen into,’ 
he says. 

That doesn't mean CCC is wrong, but it does 
appear that compelling evidence for its veracity 
has yet to be found in either the CMB or the LIGO 
gravitational-wave detectors. Even if the correlated 
noise tumpeted by the Copenhagen team is 
fictitious, future gravitational-wave detectors might 
pick up correlated noise from erebon decay. “Tm 
hopeful that it might be possible to see these effects 
from distant galaxies,” says Penrose. “If so, it would 
give you a remarkable way of telling the dark-matter 
distribution across the universe. It might also allow 
us to talk about a time before the Big Bang." 


) NASA; ESA; NASA/Swiit/DanaBeny; Getty Images / Handout 
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ESA with Tim Peake 


Following his successful six-month Principia 
mission, Tim Peake is carrying out new duties 
for the European Space Agency (ESA) ahead of 
his next flight into space. We caught up with 
the UK astronaut at the European Astronaut 
Centre in Cologne to find out more 


AMI OMIA ANOLE 














ESA with Tim Peake 





ore than two years on from his launch 

to orbit aboard the Soyuz TMA- 

19M spacecraft from the Baikonur 

Cosmodrome in Kazakhstan, 45-year- 
old Tim Peake looks incredibly fit and well. He 
spent six months in microgravity, completing 2,720 
or so orbits at around 27,000 kilometres (16,777 
miles) per hour, 400 kilometres (248 miles) above 
the Earth on the International Space Station (ISS), 
yet he is now almost fully back to his pre-flight 
fitness and body strength, eager to be allocated his 
next Mission assignment. 

During this post-flight period, Tim found time 
to write and publish two books covering his space 
flight: Hello, is this planet Earth? as a compilation 
of the best of his own photos taken from orbit, plus 
the excellent Ask an Astronaut, which descnbes in 
great detail what it takes to be selected for astronaut 
training, and how it feels to experience the rigours 
and wonders of spaceflight. Tim's proceeds from 
both books are donated to The Prince's Trust 
charity, for which he is an ambassador. 
Following some time 

in Houston for post-flight 
medical reviews and 


"T didn't ever feel 


for, following on from the initial Space Adaptation 
Syndrome (SAS) feelings of nausea that afflict many 
astronauts early after their arrival on the ISS. 

Tim explains: “When I first arrived at the Space 
Station I did go through the expected period of 
feeling a fullness in my head, with a stuffy nose and 
mild headaches. This went away after a few hours, 
though, and I adapted very well to weightlessness. 

I did initially lose about 5 kilograms from my 70 
kilogram body weight - with a careful diet and 
strength exercise | was able to recover that." 

More than 50 per cent of astronauts on long- 
duration missions have experienced a noticeable 
loss of visual acuity, becoming far-sighted. Some 
have had to rely on reading glasses while in space 
and after their returm to Earth. This is thought to be 
due to intracranial pressure increases in ‘zero-g' and 
its effect on the optic nerve. The detailed process 
behind this change is still being investigated on the 
18S, and the UK's Dr Robert Marchbanks is leading 
one particular experiment for this condition. Tim's 
eyesight did change in space, but this, his bone 
density and muscle loss 
changes have almost 
fully returned to normal. 


ions «Te NCld TO NANG ON macs 
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eae (HE TIMC venpeme 9 ecco canner 
on board the ISS. my father used reading 


Tim's wife and two sons are back to daily life 
living in Cologne, Germany with him at home 
regularly again - this contrasts to his six months 
on the ISS when his children would occasionally 
wave to him on the ISS as it passed them serenely 
overhead. Communications with ISS crews is 
excellent, and families can access the astronauts on 
a daily basis by tele-link and emails. 

The EAC itself is a large campus-style complex 
located close to the main airport at Cologne. It 
includes various ISS module simulators, a Soyuz 
capsule basic trainer, a deep-pool Neutral Buoyancy 
Facility for EVA training, fitness rooms and general 
training facilities, plus astronaut and support crew 
staff offices. Several UK trainers work at the EAC, 
including Matt Day, whose responsibilities include 
providing instructional videos for ESA astronauts. 
These can be uploaded to the ISS for specific 
operations tasks in orbit - for example, one 
covered Tim's telerobotic link-up and control 
from orbit of the Exomars rover test vehicle ‘Bndget' 
located at the ‘Mars-yard’ at Stevenage during his 
Principia mission. 

The effects of weightlessness are now much 
better understood than during the early Salyut, 
okylab and Mir precursor space station days. Muscle 
mass and strength, bone mineral density and visual 
acuity degradation are now expected and catered 
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classes when he was 45, for example!” 

‘All of the bone density loss I expenenced - which 
was about two per cent overall - has now almost 
fully been restored, with my muscle strength fully 
back so that Iam able to run long distances as 
much as I could pre-flight. The countermeasures 
we used on the ISS, including the ARED exercise 
machine, worked really well,” he says. 

As an experienced test pilot with over 3,000 
hours of helicopter and fixed-wing flying, Tim 
could undertake the more dramatic aspects of 
spaceflight with ease. After, his nine-minute rocket 
ride into orbit, the difficult docking with the ISS that 
required spacecraft commander Yuri Malenchenko 
to use Manual procedures at night, the four-hour 
43-minute EVA spacewalk and the wild ride back 
on the Soyuz during re-entry were all exciting, 
but carefully trained for. Interestingly, it was the 
docking and berthing of the Dragon resupply 
freighter that Tim found most challenging: 

“Capturing and docking the Dragon required 
ereat concentration and care... a mistake that close 
to the hull of the ISS would have been very serous. 
However, I found the robot arm controls familiar 
after years of helicopter control experience, and all 
went well.” 

As to the EVA, how did he feel outside the 
ISS, tethered to the guide rails and floating 400 
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| Here Tim is helping with the 

| Novespace/Réves de Gosse campaign, 
! giving some lucky European children 

1 with disabilities the chance to 

1 experience the thrill of zero-g parabolic 
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1 his was the trusty Russian 

, 2oyuz spacecraft that took Tim 

! and his two colleagues Tim 
Kopra and Yuri Malenchenko 
to orbit in 2015, To the left isa 
docked Cygnus resupply craft 


4 flight onboard a converted Airbus A310 
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Floating in front of the ISS cupola 
by Tim's ISS crew during his mission 


Fe 


window, Tim is reading Yuri Gagarin's 
book Road to the Stars, written after his 
1961 spaceflight. This was asigned copy 
taken to the Mir space station in 1991 by 
the first Britain in space, Helen Sharman. 
It was signed by her Mir crew and then 
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ESA with Tim Peake 









, . es One of Tim's responsibilities included 
Yaar Tim ‘ 3 research with the Airway Monitoring 

; ML * | experiment. This measured nitric oxide 
Peake did | EB in exhaled air and is part of a study that 
du P 1B _s ra . ia may assist asthma sufferers one day 
Airway Monitoring 

Studying the effects of dust particles and 


other detritus on the human respiratory 
system in a weightless environment. 
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astronaut's brain reacts and functions when 
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environment of space. 
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and seeing how a drastically different day- 
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Space headaches 

Living in a highly pressurised chamber can 
cause serious headaches, so Peake and the 
crew will have to fill out questionnaires to 
feat = TUTE MME ee = |p eer |e) mgt 
Cie asleep oe 
















Muscle biopsy 

See Tele tie mg 
being weightless for six months has on 
ea eM eg) elie 
time onboard the ISS. 





Energy levels 

Peake and the rest of the crew onboard the 

ISS will provide the ESA and NASA with data 
on how many calories an astronaut needs to 
function to the required standard. 














Cartilage and osteoporosis 

Peake will be closely monitored to see how = ae 
the reduction of cartilage affects his bone 

density and the potential development of 

osteoporosis while weightless. 
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The first ever space-based experiment 












focused on skin monitored the faster rate at ae — _— all aah. 
which astronauts shed skin cells and examine - ! = - Te 
the biological processes behind this. ' re ae | i. _ 
. ms =~. me - — t 

ECE) : - ‘ : ’ 
eae eee ee ee eee - :. = = 3 
space allows dust particles to behave more k~ os F - 
realistically than they would on the Earth. : —— s 
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Blood cell function P — -=------ 
eg SS Sa See Tim's photo of the UK at night, 400km (ie 
fag ae eld oe Neb) below. In orbit he experienced 16 | 7 a o 

ox : night-time passes of the Earth every day. 7 
ee Re EB Below, his family, plus many others, often “= 





results were monitored. waved back as he went overhead! 





kilometres (248.5 miles) above the Earth? “It is 
similar to our training in the buoyancy tank, and 
the safety tethers that you use give a feeling of 
secunty, he explains. “However, being ‘upside- 
down’ beside the lab modules, then reversing the 
position occasionally as part of the process of laying 
cables along the hull did require lots of focus, as it 
is a strange feeling. It's easy to become disonented 
despite expecting and preparing for it. Night-time 
passes in the orbit make it even more dramatic. I 
didn't ever feel the need to hang on to the station 
when outside, even though we keep one hand on 
the rails a lot of the time. 

Tim's hard work on the microgravity science 
research and outreach tasks of Principia as part 
of the ISS Expedition 46/47 has earned him 
widespread respect from both the national press 
and scientific community. He was involved in over 
250 on-going ISS experiments, with over 30 closely 
covered during the Principia mission. 

some Tim found highly rewarding: “My probable 
favourite was ESAs Airway Monitoring experiment, 
which was challenging to execute using the space 
station airlock as a hypobaric chamber, and will 
benefit asthma sufferers here on Earth. The protein 
crystal growth experiment was one I would like 
to undertake again. It has the potential for huge 
benefits in drug development, and there is UK 
involvement in analysing the crystal structures after 


‘It's easy to become 
disoriented despite 
preparing for it. 
Night-time passes 
in the orbit 

make it even more 
Cramatic’ Tim Peake 





they return to Earth. This also applies 
to the Electro-Magnetic Levitator, 
where companies such as Rolls Royce 
in the UK are interested in its application for 
alloy turbine blade studies. As an ESA astronaut, I 
was Closely responsible for running the Columbus 
research module in addition to being a specialist for 
the Japanese Space Agency's ‘Kibo laboratory. We 
do spend a lot of each intensive day on our own 
with lots of tasks, and often don't get to chat much 
- the interior volume of the ISS is about the same 
as a /4/l" 

Since his return from space in June 2016, 

Tim has not only had to readjust to life on Earth 
physically and mentally, but has also had to 
continue the public outreach aspects of Principia, 
carrying on with postflight visits to schools, 
colleges and institutions and giving public 
lectures as part of his STEM inspiration activities 
for young people. “It is generally accepted that the 
intensity of the public outreach work from Principia 
will be a hard one to follow for future missions!”, 

he says. “Thanks to the great organisation and hard 
work of the UK Space Agency and ESA teams, we 
involved up to L6 million school children in over 
30 projects, with 10,000 schools signing up and 
following the ISS activities." 

Tim is currently awaiting his next spaceflight 
assignment. As an ESA astronaut from the intake 
group of six in 4009, he will be joining a new 
‘second flight’ sequence to the ISS - all of the new 
astronauts have expenenced missions to the space 
station, with only the relatively recently appointed 
(German astronaut, Matthias Maurer, yet to make his 
first spaceflight. 

In January 20T/ ESA's director general Jan 
Worner confirmed that Tim was due for a second 
mission to the ISS. The UE is the fourth-largest 
contributor to ESA and that, plus its recent 
involvement in human-spaceflight expenments on 
the ISS, will mean that Tim appears firmly in the 
line-up for the chance at a second flight. However, 
this assignment will take several years to realise. 
The current rate of one or two ESA astronaut visits 
to the Station per year, plus the need for a two- 
and-a-half-year specific training sequence post the 
actual mission assignment will mean that as of 
January 2018, it will most likely be several years 
before Tim could join the [SS standard complement 
of six crew members in orbit. 

“At present, ESA's Paolo Nespoli is on board for 
his ‘Vita’ mission, with Alexander Gerst assigned to 
a 2018 flight, followed by Luca Parmitano in 2019. 
The ESA 2019 Ministerial meeting will consider 
future ISS commitments, most likely confirming 
missions to the ISS to 2024 and beyond. Therefore, 
the realistic earliest date for my next mission would 
be at least mid-2020," Tim tells us. 

In recent years, post-retirement of the US 
Space Shuttle programme in 2011, ESA and NASA 
astronauts have had to fly to orbit aboard the 
venerable three-seater Soyuz capsules that have 
been operating for over 40 years. Soon though, the 
US will be bringing forward two new spacecraft 
to access the ISS via commercial agreements: the 
SpaceX ‘Dragon V2" spacecraft with its Falcon 9 
Block 5 launcher, and the Boeing CST-100 Starliner 


ESA with Tim Peake 
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“Orion mock-up". At the EAC, 
_, the NASA Orion spacecraft capsule has 
ey . been paired withits ESA-designed 

d service module. Four astronauts will 

q travel into deep space in this, post 2020 
(Sie  ” 
capsule that will be carried to orbit by an Atlas V 
rocket. These seven-seater spacecraft will be the 
mainstay of ISS operations through to beyond 2024 
for low-Earth orbit access, and are due to begin 
crewed test flights in 2018. 

Tim says “It is likely that ESA astronauts will 
join the two US spacecraft for accessing the ISS via 
NASA barter agreements. This implies that I could 
one day take a seat in one of the US vehicles, rather 
than in the left- or right-hand seats of the Soyuz as 
previously occurred during my Principia mission.’ 

ESA is currently committed to providing the 
service modules for the new four-seat Orion 
deep-space vehicles, which aims to one day take 
astronauts to Mars. Other current ESA plans are 
to take part in the Deep Space Gateway (DSG) 
operations, helping to crew the proposed modular 
station that will orbit the Moon in cisluinar space. 
This will allow for a NASA-led intemational retum 
to the Moon itself, with the possibility of then 
extending their reach to Mars. 

Tim is now 45 years old, but astronauts can 
continue through their mid-50s and beyond - Paolo 
Nespoli, for example, is now 60 years old. This 
means that Tim could join ESA human-spaceflight 
missions possibly up to the early 2030s. By that 
time, joint intemmational projects may mean that 
he will even be part of future lunar exploration, 
with the ‘Moon Village’ concept being a particular 
favourite of ESA's as part of its commitment to 
explore the Solar System. 

ESA is also increasing its cooperation with 
(China's National Space Administration, following a 
2015 agreement to boost collaboration. In August 
2017 astronauts Samantha Cristoforeth and 
Matthias Maurer joined 16 Chinese astronauts for 
nine days of joint sea-survival training off China's 
coastline. As a successor to its experimental 
predecessors Tiangong 1 and 2, China is planning a 
new larger modular station for launch and assembly 
post 2020. 

For Tim Peake, assuming the UK government 
continues to support ESA, the prospects of future 
flights - and possibly for new UK astronauts - to the 
ISS, perhaps the emerging Chinese station or even 
to the DSG lunar orbit outpost, certainly look good. 
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The most distant planet in our Solar System - 
tells a cold, turbulent and quizzical story — 


OPER ss snlnoa se Md Bic as )r imi ele cag 
Beers mee oR Britta ieee Coote 
mathematician, Urbain Le Verrier, proposed there 
was a unknown object beyond Uranus that was 
affecting its orbit. So, Le Verrier calculated the 
unknown object's position, but unable to convince 
French astronomers, he sent his calculations to 
Johann Galle at {he Berlin Observatory. Lo and 
behold, there was the eighth planet of the Solar 
System, Neptune. * 
See Suatie ea poten mele seis miei mele 
- Sun, and it is over 30-times the distance of Earth 
from the Sun. This discovery completed the then 
quartet of gas giants, along with Jupiter, Saturn 
EVO Ore te eM N eel em aww ODI MTC MMO )b TF TaT 
god of the sea, there is no such liquid water on this 
Ele OM LEMON eet OPM eee lO TATE Tale hm eh elnal sia e) 
CO Re meee MOM a em Cee TOI te ame teem elle t an 
(19 per cent), methane (15 per cent) and traces of 
hydrogen deuteride and ethane. 


: t 
® 1. Setting sights for Neptune 
CA eld awe Map M lg dgt | me) nC aas 
from us, engineers and scientists 
pei meel a dalle me dale ecm ele ley 
rocket possible so that a crewed 
mission can break through our 
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outer Solar System. 





This distant ice giant experiences some of 
the most intense, rough and rapid winds in the 
Solar System. Reaching speeds of up to 2400 
alee sito M elm alee ee OL Oat =o ala lel a 
winds of Neptune are vicious and, unfortunately, 
unexplainable. Winds occur on Earth as a result 
of the Sun's energy heating up different areas, 
causing temperature differences on the surface. 
PAM se Ab eee tee OM eee TDC edn Le 
compared to the Earth, no one is sure what is 
Mim ele Mie Me eee ROD e me deem t ee le Rieti 
windy powerhouse. ; 

Only one spacecraft has ever ventured to The 
Pe) e Cam UE Datsi er ee Me oR oe oe) eo 
spacecraft. This was its final planetary stop after 
its 12 year journey of producing incredible images 
e\mey tee ldesa ee latstMeleteM sls iecMatastehiel Bie) 
interstellar space, Images taken in 1989 showed the 
levee em a)ib ele) alee e Amie mata Cate ee) gn 
and white wisps of clouds at high altitudes. 
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Stop, and the untapped potential of 
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Europa could provide valuable fuel. 
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Passing the threshold into the outer Solar 
System can be very dangerous, as it means 
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® 2. Gravitational slingshots 
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Spacecraft's speed before changing its trajectory. 
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Explorer's Guide 





Top sights to see on Neptune 


Although you can't literally step foot on Neptune 
because it is made primarily of gas, there are still 
some wonders to behold. Whether it's peering into 
Less NOOO) ed toes lee eed ee a ES) 
amuck, or seeing what objects have been caught 
OBL e ee A LAO oe Ieee ners] e) tw ele 
Before you reach the outer atmosphere, you'll 
first arrive at the planet's largest moon, Triton. The 
cold and icy moon presents a wonderful contrast 
of craters and a rugged cantaloupe terrain. This 
Cee OTe ere CMM ie ee tem e eI O OM bowen Com CO) gta 
of geologic activity replenishing the surface. Does 
that mean there's a subsurface ocean? Scientists 
ETM Lis mee TPIS TO meek elem eee Et 
e=BeT eee UOMO ee iaa eM e ee A at eT | 
even closer to Neptune, the other 13 moons of the 

















blue ice giant become more apparent, with their 
range of shapes and sizes. 

But, moons aren't the only objects surrounding 
Salaam date eee tte lea Race laa 
planetary rings present. The main rings - named 
Galle, Le Verrier, Lassell, Arago and Adams - are all 
composed mainly of dust and small rocks. These 
ENioM ae Diem Ce Re eles aa eit le) hast MMe em ene a lle) e 
and the low levels of sunlight the area receives, 
causes them to have a poor reflectivity. 

The cloud tops of Neptune have been studied 
extensively, and what has been seen since 
has brought many questions to the attention 
of astronomers. For instance, the baffling 
consequence of the rapid winds are the puzzling 
storms that arise within the planet's atmosphere. 


The most famous storm is the ‘Great Dark 
Spot’, named for its resemblance to Jupiter's Great 
Red Spot. The Voyager 2 spacecraft imaged this 
Ele hee NILOR CONN ATCO Ore De 80M emer 1A 
size of Earth, in 1989, When the Hubble Space 
Telescope turned its sights to it five years later, the 
storm had disappeared. This created even more 
questions, such as how can such a massive surface 
feature vanish so quickly? 

If, somehow, you could travel towards the core 
of the planet, around the 10,000 kilometre (6,214 
mile) mark from the top of the atmosphere you 
might be able to see diamond rain. Scientists have 
theorised that the heat and pressure at this depth 
A e]Pemeelneliebstsee tale Me able ON l=m Othe te lom tam aol 
atmosphere into tiny flecks of diamond. 








Neptune 


Neptune in orbit a 


At an average distance of around 4.5 billion kilometres (2.8 

billion miles), Neptune is the farthest planet from the Sun in 

our Solar System. Consequently, Neptune takes 164.8 Earth 

years to complete one orbit, and completed its first orbit in 

2011 since its discovery in 1846. As a sidereal day is roughly 16 

Setelibeee) eM (a) AN Nite li test nti aa Dae) em Oe DC 

ae one eho ntetce sleek een meres ' Neptune 





Jupiter Ces 


. & eter 
Cea BB Lhd eae 


oy) jee, 





ea eR Ti AKy (ale Ne eptune! Verla a) Mile first/last re flyby of eagle . : ae a — ’ 
Hours in 
a sidereal NO 
cri aenl f@' 
Neptune 





suis The hydrogen 
number of Neptune’ 

Year Peer ay Conta Niele Tete Ns Mmmcezet!mersto nme), 
astronomer, Johann Galle moons volume 


4498 396,441 km 


Tey average Arent eaten the Sun and Neptune : 





©) MASAJTPL! USGS; Grea Stewart)Slac Nationa Accelerator Laboratory 


ee 
| 





Interview Lunar mission 








































Can you explain what the aims of the ‘Deep 
Space Gateway’ are? 

The Deep Space Gateway 1s an initiative which is 
under discussion at the moment. It's in the early 
concept phases of how this thing will come together 
between the partners who have worked together on 
the Intemational Space Station. That includes the 
European Space Agency, NASA, the Canadian Space 
Agency, the Japanese agency, JAXA and the Russian 
space agency, Roscosmos. 

The idea is that as we look to move beyond 
low-Earth orbit, where we operate at the moment 
with the Intemational Space Station, we would 
work together to build what we call the Deep Space 
Gateway. This would be a platform where humans 
could live and work that isin the vicinity of the 
Moon, so not on the lunar surface, but in orbit 
around the Moon. 

This is a place where we would learn what it 
would mean to live and work away from the Earth. 
We would test technologies and do research as 
it becomes the first element in an infrastructure 
to allow exploration to the surface of the Moon, 
onwards to Mars and maybe to other destinations in 
the future. So it’s really the first step in a sustainable 
architecture for exploration for humans. 


Recently, there was a meeting in the Netherlands 
for discussing the science plans that would be 
involved in this project. What were some of the 
major talking points? 

Yes, so we had this meeting at ESTEC, which is the 
European Space Research and Technology Centre in 
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Our manned 
return to the Moon 


What happens when the Space Station is decommissioned? 
All About Space asks ESA how the Deep Space Gateway, and how 
we could get humans back to the lunar SULLACE interviewed by Lee Cavendish 


the Netherlands. We had around 200 people come 
to the meeting, and we were discussing how science 
could benefit from this platform if you were there. 
We talked about life sclence experiments. These 
could be things about learning the effects of the 
deep-space environment on human physiology, or 
understanding how life exposed to the environment 
of deep space can survive or can change to help us 
understand better how life has existed and emerged 
in different environments, or even how it could 
possibly move around the Solar System. 

We found that we should be looking at the 
environment it effects. [For example] looking at 
the interaction between the Sun, the magnetic 
field from the Sun, the plasma from the Sun, the 
way that it interacts with the Moon and the Earth's 
system and the Earth's magnetosphere. 

We had people wanting to talk about dust 
particles that move through the Solar System and 
interstellar dust grains that move through the Solar 
system that come from other places outside of our 
own Solar System, swept up as it moves through 
the galaxy. 

There was a lot of interest in things that could 
be done at the lunar surface in a way that we could 
really explore the Moon in new ways, in new places, 
and ask ourselves new scientific questions. That 
would be enabled by surface missions controlled 
from the Deep Space Gateway, and the return of 
samples that would come from the surface of the 
Moon back to the Gateway and then returned [to 
Earth] with the astronauts from there. 

There could be the opportunity to make 
fundamental physics measurements and make 
astronomic observations as well. So there were 
really a lot of different ideas across a whole diverse 
range of subjects including life sciences, astronomy, 
physics, planetary sciences, all the system sciences 
and all sorts of things. 


James Carpenter 
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James Carpenter 

Dr James Carpenter is 

the human and robotic 
exploration strategy officer 
at the European Space 
Agency (ESA), based in 
Noordwijk, Netherlands. 
After gaining his PhD 

in Space and Planetary 
Science and Technology 
from the University of 
Leicester, Carpenter has 
worked for ESA since 2008. 
His responsibilities include 
handling, or generally being 
involved in, many ESA space 
exploration missions. This 
also involves interacting 
with many international and 
private organisations. 
Carpenter recently had to 
double the capacity for a 
meeting in the Netherlands 
regarding the Deep Space 
Gateway due to sucha 

high demand of interest 

in the subject. 


“We could really explore the Moon 


in new ways, and ask ourselves 
new scientific questions’ 


BN ASA 
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Utilising a lunar base would 
allow us to fully analyse the 
surface of the Moon 






“The lunar surface is the next destination 
for human exploration for ESA, after low 
Earth orbit where we live and work today” 


On the subject of lunar missions. How could the 
project help us put humans back on the surface 
of the Moon? 

50 the lunar surface is the next destination for 
human exploration for ESA, after low-Earth orbit 
where we live and work today. 

The idea is that the Deep Space Gateway can be 
a step forward in the architecture to get back to 
the lunar surface in a sustainable way. The Deep 
space Gateway could act as a staging post in the 
lunar vicinity, so you could travel from Earth to the 
gateway, and then from the gateway down to the 
lunar surface and back again. It becomes sort of like 
a spaceport in that sense. 

It's somewhere where you could have different 
countries using this a5 a common staging post, ora 
common spaceport, to get down to the lunar surface 
and back again. That's an idea that's some way off 
though; maybe nght into the 2030's time frame we 
could be looking at something like that. 

But, in the meantime, we will be looking to build 


the infrastructure and would try to use this to learn, 


to do research, to learn what it means to work 

and operate in deep space. At the same time, [we 
could] perhaps do some robotic precursor missions 
to prepare for these human missions, which should 
be able to come later. 


There's been some talk of constructing a lunar 
base. Has there been an update on this scenario? 
I know certainly that there is the idea of a lunar 
research station, lunar base or ‘Moon Village. It's an 
idea that has been around for along time, but it is 
being talked about more and more as a vision for 
lunar exploration. While I don't think that anyone 
is committed today to achieving that, I think it can 
provide a guiding vision for some of the things that 
we do as we look to bring humans back to the lunar 
surface, and certainly the things that were doing. 
The technologies, capabilities and the Deep Space 
Gateway can be an entry point to enable that, and 
can do so in a really intemmational and active way. 


What does the Moon have to offer that we 
haven't already analysed from the previous 
Apollo missions? 

Apollo was outstanding and extraordinary as It 
transformed our understanding of planets, their 
formation, their evolution, the history of the Solar 
System and the history of Earth. I mean it was 
really transformative. 

Then after Apollo there was a period where not a 
lot happened on the Moon. More recently we've had 
a number of missions going back there and looking 
at it from orbit [around the Moon], and these have 
produced a wealth of new data that has really 











transformed our understanding. 

They have shown us that the samples we 
did all this science with in the Apollo era, and 
continue to do science with now, are really only 
from a very small area. A very small region that 
isnt representative of the Me 
that actually there 1s much more that we don't 
understand - [we realised] we've barely scratched 
the surface. 

There have been some new and quite exciting 
results that have come in. Just in the last few years, 
my personal favourite has been the confirmation 
that we have frozen water ice, and other volatile 
chemistry, trapped at the lunar poles. These are 
permanently dark areas, which are some of the 
coldest places in the Solar System. This water 
ice and other chemistry we ve found could give 
us some indication about where volatiles, water 
and life-enabling chemistry came from, how it 
got here. It could tell us something about some 
of the underlying chemistry that created the 
building blocks of life. But at the same time, water 
is hydrogen and oxygen, and those two things 
together are rocket fuel. 50 essentially, at the poles 
of the Moon, you have a huge deposit of rocket fuel 
that we 
into the Solar System. 

There aré new opportunities opening up. That 
is Just one example which would require new 
missions to the [Moon's] surface to understand. We 


— 


Human exploration of the Solar 

SV LenB ewe eRe op mela he 

decades now, even since the last 
visit to our celestial neighbour 


James Carpenter 


There have been discussions 
within the scientific community 
about 3D printing a lunar base 
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are starting to understand how little we know, and 
the massive potential that the Moon has to tell us 
about ourselves, about the context of all of us, about 
the history of the Solar System, the planets and 
where were going next. 


What are the main challenges you are having to 
overcome for creating the Deep Space Gateway? 
The work that’s going on at the moment is 

the international partners working together to 
understand what the Deep Space Gateway would 
look like, discuss the different roles the partners 
would play and the different elements that they 
would prepare. 

5o say one agency may contribute a habitat, 
another agency [would contribute] the robotic 
parts and another agency something else. [At the 
moment], it's understanding, the same as with the 
International Space Station. It’s really a partnership 
where everybody discusses what we want to get 
out of this, what do we want to bring, what are we 
going to contribute? 

I think now is the time where we are working 
out, technically, what the thing looks like, what it 
needs to do, what the engineering side is. We need 
to talk to our partners internationally to define that 
and to define our roles. 

We need to work with the stakeholders of the 
different agencies to identify how the thing will be 
supported [financially]. We also neéd to work with 
the science community, and other beneficiaries 


ESA are also assessing 
lunar tools for future space 


“We are starting to understand how little 


we know, and the massive potential that 
the Moon has to tell us about ourselves" 


of the project, to make sure they Te engaged and 
aware of the opportunity. When the opportunity 
has arisen we need to make sure that they're able 
to respond to the opportunity, with the intention 
that the Gateway would be put together in the lunar 
vicinity in the early parts of the next decade, not 
many years from now. 


When you're on a mission like this, which 
is much further away from Earth than the 
International Space Station, there is going to be 
a lot risk. Say if there is a problem and you need 
to get the astronauts back to Earth safely, how 
would this be possible? 
I think that these are all things that are built into 
the architecture's design to understand these kinds 
of considerations. So yes, that is certainly something 
that will be considered. But we also have to consider 
that were used to working on the International 
Space Station. This is an extraordinary and quite 
huge infrastructure, which by the standards of any 
space-exploration endeavour is quite luxunous, and 
the Deep Space Gateway 1s not that. 

The people who go to the Deep Space Gateway 
aré really explorers going somewhere that no one 


has ever been before I also think the risks are not 
the same as on the Intemational Space Station, 

so we will work to mitigate them as best as we 
can. But this is really about exploration and going 
somewhere new. 


What do you think needs to happen to turn this 
project into a firm reality? 

At the moment there's the technical part, and 
there's the confirming that this is something that 
we will be investing in and spending money on. 
That's a question for the member states of ESA, and 
something ESA will discuss with its member states. 
Other agencies will need to work with their funding 
stakeholders to establish how this will be funded. 

50 these are decisions that, you would hope, will 
be made within the next couple of years. Then on 
the technical side, we have to do the work to define 
technically what this will look like, to create the 
design, the engineering requirements and to start 
putting it together. 

ESA is now working with other industnes in 
order to do just that on the European side, and 
similar efforts aré going on elsewhere with other 
inteémational partners. 
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SPACE... 
CHANGES 
HOW YOU 

THINK 


Mind and body, humans are built for Earth. So what 
happens when we venture beyond our planet? 


Written by Benjamin Skuse 














Ithough fundamental to the existence of can lose as much as 20 per cent muscle mass on 
life on our world, the full force of gravity spaceflights lasting just five to 11 days if they do not 
on the human body slowly wreaks havoc counter the effects with regular exercise. 





er a lifetime. As our bodies lose their While these effects on the body are significant, 

youthful vigour, gravity compresses the spine, perhaps the most worrying upshot of living without 
prolapses organs and prevents blood from freely eravity are the changes in the brain - sometimes 
flowing upwards, to cause varicose veins and permanently. More than half of astronauts have 
swollen limbs. expenenced symptoms of what is known as vision 

But, without it, the story could be far worse. impairment and intracranial pressure (VIIP) during 
Living in a microgravity world on the International long missions. 
Space Station (ISS), astronauts’ bodies begin to Thought to be caused by the same liquid 


deteriorate in a way akin to rapid ageing. Not having redistribution in the astronaut's bodies that gives 
to support the astronaut’s weight in space, the body them puffy faces, extra fluid in the skull is believed 


reacts the same way it does to a sedentary lifestyle: to increase pressure in the brain and the back of the 
by releasing calctum normally stored in bone into eye. This can flatten the eyeball, which pushes the 
: the bloodstream, causing bone loss. Extended stays retina forward and inflames the optic nerve. The | 
HE on Russia's former space station Mir resulted in result is blurred sight, and effects can lead to long- 
4 bone mass loss of as much as 20 per cent. Similarly, term vision deterioration. 
# with little need to contract muscles normally used VIIP and other symptoms are concerning, but the 
: to fight the force of gravity on Earth, astronauts ISS has little space to conduct full investigations, 
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s0 researchers have to be inventive back here on 
Earth. Alongside traditional animal stuclies and 

dry immersion in water, one of the more bizarre 
techniques involves asking volunteers to spend time 
in beds that are tilted so that their feet are higher 
than their heads. First devised by Soviet scientists 
in the early 1970s, the technique is said to have 
been invented to combat the sensation cosmonauts 
experienced of slipping off the foot of the bed on 
return to Earth. 

Now, bed tilting is used by the likes of NASA to 
simulate bone loss and muscle wastage, as well as 
the shift of body fluids towards the head. Dr Donna 
Roberts from the Medical University of South 
Carolina leads a US team that aims to understand 
the changes to the brain astronauts experience in 
spaceflight. Roberts used the tilted bed technique to 
mimic microgravity, asking volunteers to spend up 
to 90 days in beds tilted 6 degrees. 

While it may sound like a dream to some - 
watching movies, playing video games and even 
learning a foreign language from the comfort of a 

bed - participants were only allowed to lift their 
heads on one elbow to eat, had to use bedpans to 
void their bowels and took overhead showers while 
remaining in the head-down position. 

Yet the volunteers’ struggles were worth it. ‘I 
did tu scans of their brain before and after bed 
rest,” reveals Roberts. “When I looked at their scans 
I noted that after bed rest there was crowding of 
brain tissue at the top of the brain." 


46 





A photograph from the ISS shows stunning 
detail of much of the Atlantic coast of the 
United States, yet VIIP syndrome can make 
AU Ae ae eerie cee Tele) 


“Disturbances in the ability to carry out 


specific motor tasks have been found 
during spaceflight” pr ponna Roberts 


Aiming to corroborate her finding, Roberts then 
studied the brain MRI scans of NA SA astronauts 
before and after spaceflight - one set who had 

taken short missions on the Space Shuttle and 
another who had stayed longer on the ISS. “I had 
two neuroradiologists have a look at the MRI scans, 
but I didn't tell them wl ch group of astronauts 
the scans came from,” she says. Strikingly, the 
neuroradiologists confirmed Roberts SUSPICIONS, 
concluding that there was an upward shift of the 
brain and expansion of tissue along the top of the 
brain in all astronauts on longer missions, just like 
in the bed-rest volunteers. 

What this means is still not fully understood, 
but Roberts suspects that it may ultimately result 
in a decrease in the outflow of cerebrospinal fluid 
and blood from the head, which in turn leads ta 
intercranial pressure. This intercranial pressure is 
believed to cause the VIIP symptoms experienced 
by some astronauts. 

Even more worryingly, ne crowding of tissue 
along the top of the brain may affect he ow al 
astronaut senses their envire arene and their ability 
to interact with it. This area, known as the central 





sulcus, 1s so critical that neurosurgeons operating in 
this part of the brain often perform surgery while 
the patient is awake to avoid injury. “Disturbances 
in the ability to carry out specific motor tasks 
have been found during spaceflight,” says Roberts. 
Although it 1s not certain that tissue crowding is the 
reason behind this, she warns that “any change to 
this region of the brain raises concerns’. 

Now, Roberts is collaborating with University 
of Florida investigator Professor Rachael Seidler to 
further understand the effects of space on the brain. 
Seidler conducted the first brain MRI scans on 
astronauts In a 2016 study to look at regional 
changes of grey matter distribution, with some 
parallel findings to those of Roberts. Importantly 
though, Seidler's study captured how the brain 
expands in regions that process information and 
control movement of the legs, suggesting that the 
MRIs showed the brain learning the new skill of 
moving in microgravity. “Because of microgravity, 
the sensory information astronauts are getting from 
the limbs is greatly reduced, so we think this is the 
brain's way of tuming up the gain of the system,” 


she savs. 
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~WNASA astronauffMae Jemison 
demonstrates weightlessness 
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The two investigators are pooling their 
knowledge on a NASA-sponsored bed-rest study 
to evaluate any change in the blood flow to the neat 
brain and brain structure that might occur during . 
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bed rest, with the added complication of carbon meen ieee Se atom DE an from before to aba spacef 
dioxide exposure. “Experiments on Earth have Decreased grey matter Sagan reflecting | Eel veflecting an upward shit. 
shown that people get headaches or have a little before to after spacefligh’, P 7 porter, 

cognitive fogginess in that kind of environment,” an upward shift of the brat. 










explains Seidler. Subjects have been exposed to an 
atmosphere that has lower levels of CO, than typical 
carbon dioxide exposure studies, but slightly higher 
levels than are typically found on Earth - similar 

to the atmosphere experienced by astronauts on 
the ISS. “The levels on the [SS are much lower, but 
astronauts report the same symptoms as people 
taking part in CO, exposure studies, so the 
question is: is there something about the 
combination of increased fluid in the brain with 
elevated CO, that magnifies the effects?" Says 
seldler. Having just finished collecting data, results 
will be coming soon. 
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Progress in understanding how the brain is con ft : ay liar mice il “9 from before to after po ay 
affected by microgravity is also being made on creased concem Ss PGES sensory input 
the other side of the Atlantic. Angelique Van spaceflight inregions t ent of the lower limbs. 
Ombergen, from the University of Antwerp, from, and control movem 








Belgium, works with Belgian and Russian 


colleagues in a project led by Floris Wuyts to try spe sean 
to understand the physiological changes taking parabolic flight Van 


place during spaceflight. With a willing male 


Ombergen studied © 
cosmonaut who had spent 169 days on the ISS 
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How would you be 
affected by space? 


The body and mind can be affected in many ways 
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Muscle and bone loss 
After six months in space, an astronaut’s 
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happy to have his brain analysed, they found that 
the brain's cortex reorganises itself to adapt to the 
challenges of a long-duration spaceflight. Noting 
less connectivity strength in certain brain areas, the 
team is looking to confirm if these changes cause 
temporary movement issues - like difficulttes with 
walking, gait and posture - and balance problems 

- like dizziness, vertigo and nausea - astronauts 
experience when returning to Earth. 

Taking a different tack, this year the team 
reported findings from a study in which volunteers 
had an MRI before and after a parabolic flight. 
Jokingly known as a ‘vomit comet’, parabolic flight 
involves an aircraft following a trajectory in which 
a steep climb precedes a 20-second levelling out 
penod, during which the acceleration of the aircraft 
cancels out the acceleration of gravity - resembling 
zero gravity. A steep descent then takes the aircraft 
back to its initial altitude, ready to restart. Normally 
used by astronauts to prepare for the sudden 
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absence of gravity after launch, in Van Ombergen's 
study 28 participants were loaded in an Airbus 
A-300 Zero G aircraft, and were then subjected to 
31 parabolic flight manoeuvres over the course of 
approximately three hours. 

Interestingly, although warming that there are 
some crucial differences between parabolic flight 
and spaceflight, Van Ombergen says the study 
shows that even short-duration microgravity 
exposure or gravitational alterations induce 
changes in a brain region specifically involved 
in multisensory integration and spatial tasks. In 
other words, this brain change led participants 
to experience symptoms of dizziness and 
disequilibrium similar to people here on Earth with 
a central vestibular disorder. 

It is well known that space motion sickness and 
spatial disonentation is experienced by 60 to 80 per 
cent of astronaunts dunng the first couple of days in 
space, but understanding how and why it happens 
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“Space tourism and long stays on 
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walk shortly after he landed at the end of 
a five-and-a-half-month mission 
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the ISS are not the only trips space 
administrations need to prepare for” 


is important, particularly when large groups of 
untrained tourists begin launching into space. Just 
as Vigorous exercise combats muscle wastage in 
astronauts, Van Ombergen's work is a step towards 
developing countermeasures to help astronauts and 
space tounsts cope with gravity transitions too. 

Of course, space tourism and long stays on the 
[SS are not the only trips space administrations 
need to prepare for. With expeditions and even 
eventual colonisation of the Moon and Mars 
planned for the coming decades, astronauts’ bodies 
will have to contend with much more than the 
effects of microgravity. This is because, for the first 
time, they will be dealing with long-term exposure 
to cosmic radiation. “Radiation on Earth is what we 
call sparsely ionising, while galactic cosmic rays are 
densely ionising,” explains Charles Limoli from the 
University of California, Irvine. “When these densely 
ionising rays travel through the body, they leave 
behind a track of damage that the body's cells find 
very difficult to repair." 

Consisting of anything from hydrogen nuclei all 
the way up on the Periodic Table to lead, galactic 
cosmic rays consist of atoms stnpped of their 
electrons speeding through the galaxy at near the 
speed of light. When they pass through the body 
they cause molecules in living tissue to break apart. 
“Then, travelling perpendicular from the track are 
what we call delta rays,’ adds Limoli. “These are 
more sparsely ionising radiation tracks that can 
emanate away from the primary track - imagine a 
one centimetre cylinder of potential cellular damage 
for every heavy particle passing through your body. 

“Even on the ISS, astronauts report seeing 
flashes of light, which are pieces of galactic 
cosmic radiation that are passing though and 
stimulating the optic nerve,” reveals Thomas 
Williams, a scientist at NASA's directorate for 
Human Health & Performance. 


The effects of these rays are unclear, but Limoli 
is conducting rodent experiments here on Earth to 
find out how they might affect the brain, and his 
results paint a bleak picture. After being exposed 
to low dose of highly ionising radiation, rodents 
became far less able to perform behavioural tasks, 
such as being able to tell a new object from a 
familiar one. Most worryingly, the rodents did not 
recover - even after a year. Analysis of the rodent's 
brains highlighted the problem. The radiation 
caused persistent neuroinflammiation, lasting for 
more than six months and irrevocably damaged the 
integrity of the rodent's neural circuits. 

On a Mars mission, this kind of damage could 
impair memory, learning, planning, focus and multi- 
tasking skills, all while simultaneously increasing 
the fear response and anxiety. Considering Mars 
astronauts will undoubtedly be required to make 
mission-critical decisions quickly, none of this 
bodes well for future explorations. 

Because of this, work is already underway to 
counteract the potential damage from cosmic 
rays. “Biological countermeasures targeted against 
oxidative and inflammatory pathways, advanced 
shielding methodologies implementing new 
matenals and even utilising specially designed 
helmets to protect the brain are all being pursued,” 
remarks Limoli, who is himself deeply involved in 
designing top-secret cosmic-ray-fighting drugs. 

“One area were looking at is preventive medical 
treatment based on really interesting studies on 
helping to prevent the damage from radiation 
treatment back here on Earth,” adds Williams. 
“Bionutnients is another fascinating area - how 
do we harmess what nature presents to us to help 
protect our crews against the effects of radiation?" 

Limoli concludes: “We need to protect these 
people, not only for a mission to Mars, but for future 
missions over the coming millennia.’ 
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a What ETN ener eee ets! UFO eee was Pete g Elon Musk ol 
oe Bee Lice Sed cgmpany Evateta ality aunt es rocket of: 70) 0m ies. 


i ion 2 eee 2017, SpaceX eM their eae See: ayer ETAT TeT| areca Te Cela oe att it was ° me ae just miele cae Spe was any Tet co into haa 


marvellous light show in the skies Bia ets eR UN ete Miter ae ha It can erst iS _ * low-Earth orbit. This brought the ee of it ae a 
California, with many taking to the Sac ee ee ~ explained by the rocket’s incredibly high altitude... UFO to. an abrupt te 
witness the sEVit Tet Co) Os me) e\te I Cejese we) vn eee) according to the viewers’ Ptah Flea a6]01 008 x BUY itewettratesl se Tees 1 overall Sina era ee 
ei Cae) ieee Vis ace) n eM LON N lel NNN Ts more than . level. As the SINE Ore ae Beha OL ore of Iridium’s satellites were deployed in space, 
oatmeal te Wce e mesh ODL eee ele aed erco mane im ieee | laitata cat aaa) enm atts fae) ee18]NUOTN TORO )0 OM Cae Net nl M d es ec 
plumes, on its Mission to carry ten satellites observers on the surface. As the rocket reached history. This is the fourth time ten satellites have 
for Iridium Communications into space, some WNeComeT ean elm eNO ee COR Mt om Olen e) mde been launched at once, as SpaceX assists Iridium 
OUT Cam TOL TNO T=M iarc) (Ocal Nec OTOL N 2d OL Meco OON Tera Le ons thrown out by our nearest star. The sunlight with forming a next-generation global satellite 
ete eee 8) Ot MTOM Le) Coe eC etal a ere bounced off the clouds of frozen water crystals, constellation known as Iridium NEXT. | 
SpaceX launched its Falcon 9 rocket from the fee OUF MOO om ONES T AON NG CG ade MATA Orel aces cote Cer As SpaceX are contracted to place 75 satellites | 
Vandenberg Air Force Base and, what people SIUC eS ION OL OLMee tae ent ele) ee in this constellation, many more of these launches 
immediately began to notice, was a white streak PWdbsg emis ee Bit ele eke Ate Oc CON Elise h = COCO h) BIOL e comme) ire LveP nT bce) One Le | 
of light piercing the night sky, which was shortly watching this spectacle. The Los Angeles mid-2018. The launch brought a fruitful year for 
bce) DCey sem eh es Mew Ver) OOOO LO NPM clot 18) aN N Lda POO) BU NTO amie Cnt COLE SpaceX to a close, giving Elon Musk's company a 
a very strange ‘fish-like’ shape. em) OT OD SNOUUNT=M NOEs MnO ODE MO NUK UciCs) a (O10 Eom Its sawed a positive outlook for 2018. 





* The launch marked SpaceX’s 18th mission 
eee) Meee Ieee mee Ne Sake 
Iridium Communications 
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ere have aateo ral tered Seed E irae 
~ continues’ to resurrect itself. But. sO alse lam 

coming back-to lifer All About Ste ne 
tS team with some head- sabiaaliale SSS 


eae ad Cavendish 


uch like us humans, stars have a birth, a 


life and eventually, a dramatic end. Stars — 


have a much more prolonged lifetime 


duel Ey=4 Ame = Me 
to trillions of years. The death of a star is dependant 
on its mass: it can either gently void its outer layers — 


to form a planetary nebula or blow itself apart in: . 

a Magnificent explosion called a supernova. For a 
regular star, a supernova is a one-off event, marking 
the end of:a star's proactive life - or, at least that's 
arene ge] 02d pe 


Astronomers have found a star that has appeared 


to go through multiple supernovae.in a space of 


our understanding of supernovae, and the nature 

of massive stars. There are two common types of 

SP este mesa eee peel | le 
Type la supernova commonly occurs in a pair of stars 
gravitationally bound together, known in astronomy 
EES Me) Aa 1m i eee ene) mn eee 
Tee ae CeRs | aaa meee le me ie eT 
Plia| mee) Come eee eee gt er) eee eee 
Lele ede] Le |e Ade) |e 
pC el OL een eeie iy mtu eae nce mele 


emer eee ema ad eee) |r eg eset ecoe 


ae eel eRe Ieee] rm eee 
cole MURR LUE AM ce:e1c Ce) Lee) RO 
oN Taro (0s aes ee) ee | =e2) 0) rd =) (ete) cela ies ae 


Type la supernova. 


A supemova doesn't just occur ina white dwart 


; EIA star system though. It can also occur to some 
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eRe UC hae tee LL 
masses of at least eight-times our Sun's. When these 
stars reach the'end of their life, the hydrogen and 


Goatees: Lohait powering the star's eta ey sie 


fl 


uiiis aiseouoad has 
| Made astronomers 
meitocjnl@ement= 

very nature 

| of supernovae 

and consider new 

' explanations’ 





lair Arcavi,anastronomeratLasCumbres > 
Observatory, led the bee ay of ial unusual star 


to be converted into il es Seen Takers (= ae 


-to keep its engine running. ae helium, carbon is 
' made, then oxygen, then ae ae Herne 


then silicon, until iron is produced in its core. At 


BUM re] N Mm alm] tise en A een iron 
SMB \ m= eee a= mE Melee lkeM n= poat 


This is the final hurrah for the star, asitcan no — - 


me) p)-.— 8) kee| tle sufficient iia ce elt eat ue 


cooling core and it eventually collapses Mase ey 
own mass. This causes an implosion Teme Ce 
which bounces off the iron core and ele et 


elcome meee (nee ee Ceo. 


supernova; it sends copious-amounts of gas into the. 
ert ene eae se Role ee elem E LL cd 
FMV aca v dt SIRES eee) ee 

eR ona Reacts airy mre e-]e)s) ae 
Hats eT ered OTE =] 6) CO mlm pte] oe tees gi | 
appear to be spectacular explosions cater 


' gas and dust throughout the universe. However, . 


eee leas ee is Dal om la 
ipa Mei] a Lia = SN . atte 


- which shows the intensity of light Bla pet Fy oS 


MAVEN Saas ee Moe Ota 
i e=eeee pe Relea ler eee gpa es e818 |e 


: oe and astronomers can identify this by — 


studying nell let) Minto SUA ie ce ee ede 
seer cents characterisation SM ee ae 


fading over time. When the commencing explosion - 


Tene mel aA Ee ES te cL aU Gam 
Wane: ike Ma eR mt Rani ae scorch Lue 
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afterglow.’ Astronomers construct a graph to see how 


the brightness of the star changes over an extended 
Pee R ACM Cel Ure cen neem ack 
shape of the lightcurve that helps astronomers 

- determine what type of supernova occurred. 
DC Bee ya Ma ee 


supernova, the two most distinguishable features oe 


SC Met Rn Ma Co 
billion-times the luminosity of our Sun, followed by. 


ctr Se PER OR CN ule ae 


eT =a Te ti ae weed) alte sharp: 
Tee ieee tem Satan TM md gel e =) tends.to be - 


a Sra fer of no luminosity: eal Elite ee ee) ae ae | 


followed by a dimming lasting approximately 100 
days. When comparing the spectra of thetwo- ~- 


Bee RE eR lal Met ciel ae 


to ask when. differentiating the two: E=] there 


Melee els) fon =a Ue eee ie : 
mae! have a Type Il supernova. If they aré not sire : 


‘you have a Type la. Stes ule 
In February 2013, eRe eae R Get es of 


_, Technology (eletene LeMans] Bae lel |g 


Transient Factory (iPTF) project started its search 
fe) Olea le |e ately eltg -mae|nt1 as) 8) 
Soe AL nee RL aL 
est in San me eee = al WEE 


ts 


va successful i in finding eT isle sO ape ie 


aa clam a ates | Tae [aya efe) me Cee = gate) | 
ee A eee ee OTe ie | el mg 


Uae gta me fife ene meee ne teal ele emce gett laly 


Rea eet Oa Lela Global Telescope 


(LCOGT), a] rN About Space. “This is more than 
we can. follow, so we had to choose which ones we 


- thought were interesting and which ones we let go." 


~~ Then, in September 2014, the project identified 
one supernova that originally didn't provoke much of 


et eee Rem ie RAT se 
let go because when it was lemon =e Me emia gd 
faint. So we thought it was just an old supernova 


ee had] passed its peak luminosity,” continues 


fake aa estes BoM irl Rtn lal sla 
of the sky elmie ACen RT eR eh) Ur a 
Reese et eee 


seco PORE DNR aires ae 


yee eu aele Buta el 
. Started to get bright again. He asked me Mit a 
eae ee tela |h i erie TaN not, a 


supemova Pes slg Pehl Eye T = 
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classified as a Type II-P supernova, based on its 
Selec em MEY Tame Pa Sil ome 
be Sa rel to life, 


aa Videkecleet alan meee i cre we got, 
_ the supernova oe) xsiualers Voie ae 
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Ursa Major (The Great Bear), proved ‘to be. quite 
Ree Maree ogee Belt its fete Ue LLA 
This mysterious stellar phenomenon surpassed the 
typical 100-day lightcurve; instead it displayed an. 


eS OU Me Lee mM eee ker eet ale 1g 


around-the-clock alee [tea and also appears to 
Re oe eM node at ce ae (oe -e 


Breet eele eee tle eu Remar eld 


supernovae and consider new MEE eRiels ei] 
an Sena AL Howell, leader of the supernova * 
tee CMe meds oN cea lee) 


SECU Rul wee ee ME UCL 


Bes eM a ele Ct Rok men La a Ren Ts Rely 
lel sclelmeel amare ace | (iN 
eet EL artes 6 eoeina pin ee 
Belge ember arlt(e pele) e such an event. Ifa Ta 
was suggested to eel Tee oe Cede late) ee a 
Ae eee Wy piece of data ready to Slee ia 
“With each new piece of Srey we got, the supernova. 
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a) REL Mar Reel ie telg meta thought 


eos explain ae fee Ae a ee a itl are 


A OM oTa een g those te ae ; 

‘To make matters even- more Mest i 
researchers that were ete Pesala Eee ce 
Se RE ase! Ril the observations oe . 


ea perpetual star pele) fe slant) ate Ere 
eco lad out, le Mite recorded da\lec) eget 
ae i) ela es] = position Tal ie )-2m patito] yin =| 


Eee Beets mining eR a er =n 
is an extremely strong likelihood that itis the 


: same Star. Therefore, this star. has been producing 


Stelle Us rede] (et(e ay for over 60 Vee ale a 
Pie ten ete ea amr lana lee 

ae oN ste n= en 1b} ancient eg a ae ie 
STEM) me) TRU tank; thus expelling copious 
‘amounts of hydrogen in the Diels es Vier me ate) ae 
and their colleagues have estimated MEET eee) 
Peo Kel Te Run Me mt TTBS) ae 
Eee tel ai SUE) Me Le i eu ae 
ell thrown out into the cosraos, ai original mass. ° 
ne eee eM elt) been enormous. Because of: _ 


Bee ee Rs eom ura eRe mel ee 


eee ee eke mi hu cok ae act 


In any other star, a supemova marks 
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SM Ualacceevcchnniokeonslss(orn! types of supernovae: Type Ja and IL- However, TaN eRe seems to conn 2 hae 
obs eee elelna oi SOs SO soero noi ot ve had to come up with a roy eee GEE ey 











eee t=) amc mle) 812] g ne) ee Increasing instability User len la) ee 
Mes ce eee eR Te elas yy  e tM eRe CcMe Te mn] eels a(t |e RUN Ca Elam [ego 
a Metre eRe ere ee CRs] Ces Rn mate ER eee might as 
Re eae eee keel aa) . supergiant, becoming moreand ~~ reachesthe point of noreturnand’. - 
Mee aero ee) more unstable as it does. a) oleae ew et lien ae 
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; of. metals. aes eee | Asthe core-canno Tao hae ae Neer 7a Re mei mee This implosion causes the star's. . 
eee Miele ml ease aN el - produce sufficient Tle a to". eee Rests ea GL this: innerlayers to bounce offthe =~ 
Seen ai mai a Cena ken) (ee balance out the Fee: | dle) eS ele) ee) (eM 
until it reaches iron. This will spark © pressure ofthe star's own ei E “centre of the star. This leads to | the spectacular ay I 
.. -the rn oftheend. - + — itis essentially doomed. cbs implosion within the star: Sees erie e (5) era e 





é es ae . cee 7 on is 
io) pre) een] gee are) (ao ep ee The initial explosion. —_ Colliding with the layers = .. Changes in brightness - ‘i : 

- Massive star — _ ~~" The instigating Type IIsupernova) . Theshock wavesentthestar’s . . . Each encounter witha shell F 

Prior to the supernova, shells of |. © then occurred. This category |  _ outer layers bee Tae thousands of material-would cause the - P= 

eee atta to be surrou nding fee el talee Reser) Coed made persecond, — - _continuous luminosity i increase, i 

the star, most probably Seat out. . thespectraanalysedby - - eee nica s4 shells of slower- . _and the kinetic energy fag rss eB 
De eee Elan eS _. the astronomers. es BUR ULCeeL nec) ee elena Sela) Tal cen rg y : 








Arcavi hopes to use the Hubble Afemelbis that into eee alge Te eg 
Space Telescope tolook closer | _ 300-million-times bigger than the Earth. Arcavi even 


at the stellar neighbourhood made a point to say “this could be the most massive 
star we've ever seen Cel ee 
ie aT fe eee the most nee 
rite! nTelos lee mei MP UI eed and follow dnt 
rock-and-roll lifestyle of ‘living fast and dying young’: 
Mel ak eee A Re Rae 
Teen R OI Ae mee eels ena 
eee MUR uucee assim a Beet R i e 
energy and material is vital. As mentioned previously, 
i EES ee eee Remy Repel 
en Rsk eRe Re ee 
a spectacular supernova. As TEL eT co Me 
made up.of these elements. Hydrogen and oxygen 
ei e ete ial Mee ay around 60° per cent 
of an adult's bodly. fem eae te ike leh) a ; 
cells to. carry oxygen to our Rated een ect ee 
Rate eee Ba basic building block of proteins, 
Sead and fats, among others. These 
elements makes us who Ue eels! wu Ce 
Silke rhyme Ral le ce : 
-However, understanding what is happening ” ae 
nla a lot more complicated. When asked whatis - 
‘happening to the star for this to occur, Arcavi replied, 


we 








ir do lightcurves-say or the Set Ca 


aM plotting how the brightness of a star changes with relation to time, you can 
determine the subtle clues left over from ote blast of an exploding sl Meee eet Nee 

















| The lightcurve of iPTF14hls Mites The future of iPTF14hls 





| It was after months of observations that . : s Future observations of the star are key to a 
astronomers noticed this supernova See Understanding its curious behaviour. As the shock aes SSS 

| returning back to peak luminosity. ey. : wave expands, it may be easier to decipher what a ear: 

| Over a period of 600 days, it peaked a es 5 is truly going on. With new data from the Keck _———— 

| further five more times. This number telescope and hopefully Hubble, the answer willsoon [ig atl 


| could be a lot higher as well, especially | become apparent. 
® after the discovery of a explosion in the | 
| same location over 60 ) years ago. oo] én, oandosede fad odtiueocoteone oe poonote dob ed Doo Ob oo GO oho O86 oncom ooUo bpd Done eons Oooo odin oes ono en 
2 os | Normal supemovae 
| iPTF14 j ie A ee ro ee Type la and Type II show slightly 
SES. 22 bgt tae Go See et ee rae AAPM es, “Suet Ramee ee | aa Hae as cue SM Siete eet Mame aN different lightcurve characteristics. For 
F 01] ‘ uss ® example, a Type Il supernova will have 
| | more of a plateau after the explosion, 

| whereas Type la will be more of a linear 
™ decline. However, they both will remain 
8 distinctively bright for around 100 days. 
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rem a theoretical models of supernova : 
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these elusive aspects.. | . 
Sa Re eee ce 


i that involves.a supernova running into shells of 
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Tim ome EB OTe) 


(ee CRO ame VEU a ee Bc 
[time] duration fof the peak luminosity] i Es rey long 


eae) one expanding supernova to pass through 


those shells, not how Cs]py =a anole) aca) ne) , 
to initially explode.” The star prior to the explosion 
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of ME Caey surrounding the Peigellcae ee see 
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Via idee |e etOlO i aM ilo em ell ip 
the cosmos to ta Pls em ene) mine ede lela i’ 


eB) ie eee an hs encountered many layers 


PG) Eel May 2015. 

However, ee BEM easy and there 
are always issues. Although his-theory explains the 
SWE] a eee eMail Cel a eee) pads) ‘ 
the full nature of the spectra collected: From first 
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meme elie Nie epee | TLE ile 


y ESA; G-Bacon (STS); Ethan Tweedie; 
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The Keck Observatory has — 
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more work needed to eyo done. Arcavi hopes Wns ioe io 
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eam eles mel sleek El Sa a oie 


ewe MEL OIET bitsy tat explosion OE Es i a 


eek inside. STN eV iae the supemova is 
- also fading. So we're hoping to be able to get Bey = 
‘new eRe mA aS of the SS letone 
that are now being revealed before it ae ee 

ai a to detect.” 
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PE fers atts rte) eee Fe) much Taide ile 
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The US space " his day has brought ternble news and 

shuttles were great sadness to our country,’ said 

the world's President George W Bush in an address 

first reusable made on 1] February 2003." The Columbia 

spacecraft is lost, there are no survivors." Seven astronauts lost 
their lives as the Space Shuttle, the first of NASA's 
fleet to fly and a veteran of 4,808 orbits of the 
Earth, broke up in the skies above Texas. 

The cause of the disaster was damage to the 
shuttle's left wing, caused when a large piece of 
insulating foam fell from the external fuel tank 
on launch, leaving a hole in the reinforced carbon 

2 panels. Nearly 16 days later, as Columbia made its 


way back to Earth, superheated atmospheric gases, 
penetrated the wing and destroyed its internal 
structure. This led to a total loss of control, causing 
the shuttle to break apart as it travelled at over 
18-times the speed of sound. 

Following the loss of Columbia, NASA overhauled 
its safety procedures, changing everything from 
the astronauts’ seats to the very position future 
spacecraft will sit in on their launch vehicles. The 
changes went deeper into NASA culture too, with 
the Engineering and Safety Center performing 
testing and analysis on every mission. 

Shuttles shedding foam on launch - particularly 
the foam from the bipod ramp, a purely 
aerodynamic part of the thermal protection system 

(TPS) where the shuttle joins the main external 
‘Gea. . fuel tank - had happened before. Back in 
: pee 1983, the shuttle Challenger completed 
"ona its mission successfully despite 
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Columbia disaster 
{mz 


losing bipod ramp foam, and even survived window 
damage from being struck by space debris while 

in orbit. Further examples of foam shedding were 
logged over the next 20 years, including a 2002 
Atlantis launch - a construction mission for the ISS 
- which had been carrying an external camera to 
look out for just this sort of thing. 

Despite this, in 2003 the shuttle's controllers 
deemed it an acceptable risk. As the astronaut Gus 
Grissom, who died in the Apollo 1 fire, said back in 
1965: “If we die, we want people to accept it. The 
conquest of space is worth the nsk of life." 

The leading edges of the shuttle's wings were 
coated in reinforced carbon-carbon, or RCC, a 
material noted for its heat-proof properties, which is 
also used in the nose cones of nuclear missiles and 
the brakes of Formula One cars. While it’s less brittle 
than some ceramic materials, it still doesn't have a 
high degree of impact resistance. 

Following the loss of Columbia, the Southwest 
Research Institute in San Antonio, Texas, used 
an air cannon to fire foam blocks at RCC panels 
from the leading edges of the wings of Discovery, 
having flown 30 missions and Atlantis, who had 
2/7 previous missions. Under this bombardment, 

a crack appeared in Discovery's panel and a 
substantial hole appeared in Atlantis’ panel. This 
clearly demonstrated the effect of a foam impact. 

Back on the mission, with Columbia safely in 
orbit, another decision was made. Despite requests 
from engineers, shuttle managers chose not to 
examine the extenor of the shuttle photographically, 
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Columbia in orbit in 1995, about to deploy the ; 
Microgravity Laboratory-2 from its cargo bay 17:39 UTC (Approximate) 
" Video of the launch is reviewed 
, and reveals nothing unusual. 
However, a high-resolution film 
was developed overnight does 
show the foam strike, but the low- 
res tracking camera cannot pick out 
the exact location of the damage. 





which could have involved ground-based telescopes 
and the cameras of Department of Defense 
spy satellites, or sending the astronauts on an 
EVA. Instead, NASA modelled the foam strike 
OO Ser NO MOP me OMe ss Oe: wai ee mee ele Li ri(e 8) 15:40:22 UTC 
as to whether there had been any damage. A piece of 

Wa teee Es tee aU Or Coe ee) 8 ve insulating foam the 
ee eee eee ewe ees en a else eee meen i8 | size of a suitcase 
NASA Space Shuttle Program deputy manager breaks off the 
N. Wayne Hale recalled something said by Jon C. launcher's external 
Harpold, the director of mission operations: “There fuel tank, hitting the 
is nothing we can do about damage to the TPS. shuttle on its left wing. 
If it has been damaged it's probably better not to | 
ave) M MR Oeiel aa meee O ees ea eee ee 
Don't you think it would be better for them to have 
EMA e) ey meee OT dee Nome eee de el 
CGT ad OR ee OR eee ee ee Ae) ee 
Geta h we COTO Me me ele sam INL Nd owe ee Tee) 
Hale continues: “That mindset was widespread. 
Astronauts agreed.” 
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team for the STS-107 mission, spoke at the time of 
ore) Meme set O Ome: mre 6 lm Mol comes atta sy 
to do the night thing. All along, we were basing 
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we had at the time.” she said. “None 





vel baltt ce 
Columbia's final 
moments 


As the Space Shuttle flew across 
the Califomian coast, its fate had 
Elias AB acl n ecole | 


of us felt that the analysis [of the 
COE ORO ole el ee ng ee 8 
I =eee Ome O RIN el einen mele : 
Te CS ee 13:59:32 UTC 
here that was going to affect A final voice 
the crew, even in the long transmission - cut off 
able Riee a (elem etl she ls elvan 16 January 2003, halfway through a word - is 
Mission operations representative 15:39:00 UTC | received from the shuttle. 
on the management team. STS-107 launches from pad Hydraulic pressure is lost 

In the appendices to the ) LC-39A at Kennedy Space | five seconds later, meaning a 
report of the Columbia Accident Center, Florida. Columbia's 28th | total loss of control. | 
Investigation Board (CAIB), mission, it was delayed 18 times — 
however, there’s a modestly titled since its original launch date of 
document "STS-107 In-Flight 11 January 2001. 


Options Assessment" that suggests 
an alternative scenario if the 


damage to Columbia had been 
identified. The shuttle Atlantis ' 
was being prepared for launch, ! | ' 14:00:18 UTC 
, ! | Eyewitnesses report the 


shuttle’s disintegration over 
Texas. 39 seconds later, the crew 
module is seen to break up. A 
loud boom is heard. 
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1 February 2003, 13:10 UTC 

The crew of the shuttle, after almost 
16 days, are given the go signal for their 
reentry engine burn and complete the 
manoeuvre at 13:15:30 UTC. 


Crew seats 
Sete (el a R-tree ele eer | ea 
speeds of the shuttle, so the escape 
system consisted of a pole slid out to clear 
ipt-Me] pe) eee ie ae 
astronauts could parachute into the sea. It 
required a stable glide, which the damaged 
me any Rm ple] [Bree s]pey'(s|-2 
i 






13:56:45 UTC 
Columbia, travelling at over 
25,800kph, begins a planned roll 


manoeuvre above New Mexico. 
18 more bright flashes are seen by 
watchers on the ground. 





13:44:09 UTC 
Columbia enters the Earth's 
atmosphere, 400,000 feet 


_ above the Pacific Ocean. Over 


the next six minutes, the 

| temperature of the leading wing 
edges begins to rise to about 
1,371°C. This is normal. 





13:54:24 UTC 

Sensors in the left wing 
appear not to be functioning. 
A bright flash is seen as 


the shuttle passes over the 
California-Nevacla border. 


ORT 
Introduced in 1994, the bright-orange 


Advanced Crew Escape Suit was worm for 

aie meets armel eee Or 
all failed at some point. However, none of the 
fateh EEO MgB cen =r] M gl] mel] pa CMe ere 


teh ma ed ee 


Columbia disaster 








13:48:39 UTC 
’ Sensors on the left wing are 
showing strain levels higher than 
those seen on previous Columbia 
flights. Crossing the California coast 
at 13:53:26 UTC, the wing edges 
reach an estimated 1,538°C. 


Bipod ramp 
Designed to help with both aerodynamics 
Tale Melee igre pelea) cated epee ew ee Dig celle 
was prone to detaching and falling under 
the stresses of launch. 


Wing leading edge 

Made of a brittle, but extremely 
heat-resistant material, the 
Teele meme MAM em ad 
Phat gla] =4g memes] Coe Bale] dg |e 
Elite eRe aga athe Bao eta 
fet gat ella 


13:53:46 UTC 


Ground observers report debris 


being shed from the shuttle. The trail it 
leaves in the sky brightens, appearing 
as ared streak on weather raciar. 
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International cooperation — oe ee ee ee ee EON fae rah Rast le=i/-1d 10) 


TU At ae) 1 tee | ne After Columbia, NASA developed a programme 
ee ER OM) ARs | at sae - of commercial flights to the ISS, from companies 


Serfaty (s1 iam Cos ee =k Reiter] 
Beet) mOl ee eee Meee 

project, with the European Sree par 

Pel alee ae mod ule. 


such as SpaceX and Orbital Sciences. These 
are unmanned cargo flights, but crew-carrying * 
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Roundworms are really tough 
A live group of roundworms, around 
Imm long and_part of an experiment 
carried out in orbit, survived the 
Columbia crash. Some of their 

ti (stel ge NMC geld CO 8 [e 8 a Ae) | 
Baer COM Ag wt delete 


Modified 
eten Cayo 4 

ieee ee evens 

be replaced by the 
Constellation space | 

suit, but following ss 

the cancellation of oa 
apts] beers a= 
ACES has been 
modified for greater 
mobility and life- 
support capabilities. 









Whole new space capsule 

“It is in the nation’s interest to replace the shuttle 
as soon as possible,” read the report of the CAIB. 
Announced in 2004, the Orion Crew Exploration 

Vehicle was a reaction to the recommendations. 


2 NASA! Kim Shiflett ;Adnan Mann; Zeynep F. Altun 
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Life support redesign 

In the Columbia-era shuttle life-support 
Eu eC ee) me 
helmet's visor locked in the up position 
wasn't receiving any oxygen. This has 
tbs) eel ge egies) 
eos Ware) (ee MOOR Ag Mal po mor | 


DBM lin) ele) ae] ace 
if ae : Sa aera at eS 
yaide fgsc\eaee : — Staff from NASA's Langley ihe) Sa SA 
eect Poet ot PRO ee Miceli ee 
hand for all of the post- 
NER ater pe oe but its [SS resupply mission was still six weeks 
and thermal protection repair away. If the preparation process could be 
wre el a accelerated, if NASA would allow Atlantis to launch, 
SPRL R Lie la e and if the crew of the Columbia could stretch their 
Jl lh tea Lol Leite life-support systems and power reserves 
long enough, then an in-orbit 
rescue was feasible, if 
challenging. Atlantis would 
have to fly rendezvous with 
Columbia and carry out the 
rescue with a minimal crew of four, 
then retum safely carrying the weight of 11 
people, leaving no margin for error in a vehicle 
realistically designed for a maximum of seven. 
NASA would also have had to reprogram Atlantis’ 
computers to dock with a shuttle rather than the 
ISS, and invent spacewalk procedures for the actual 
rescue. Then the astronauts would have to learn 
these new skills in just two weeks. It was ambitious, 
to say the least. 


‘All along, we 
were basing Our 
decisions on the 
best information 
that we had at the 
time’ Linda Ham 


The report dismissed a further option - sending 
Columbia to dock with the habitable but still-under- 
construction ISS. Unfortunately, physics got in the 
way, requiring much more fuel than Columbia had 
available to carry out the plane-change manoeuvre 
that would have pushed it into the station's orbit. 
“Columbia's 39-degree orbital inclination could not 
have been altered to the [SS's 5L6-degree inclination 
without approximately 12,600 ft/sec of translational 
capability,” the report says. “Columbia had 448 ft/sec 
of propellant available.’ 

All of this is hypothetical, however. The decision- 
making process that discounted the significance 
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Orion sits at top of rocket of the foam shedding and chose not to inspect the 
By sitting on top of the launch vehicle, shuttle is described as ‘flawed’ in the CAIB report, 
Orion cannot be hit by falling debris. which also points out similarities to the Challenger 
This simple change, a return to the disaster 1/7 years earlier, when hot exhaust burned 
configuration of pre-shuttle launches, through two O-rings in a joint and ignited the 
elegantly solves the problem of damage. external fuel tank shortly after launch. The Rogers 
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Commission, which investigated the earlier shuttle 
explosion, determined that NASA‘s internal culture 
and an environment of overconfidence prevented 
safety concems from reaching the top decision 
makers, and that pressure to maintain the launch 
schedule had led to poor choices being made. 

The clearest parallel between the two shuttle 
losses, however, was that NASA had long known 
about a problem with the rings, but that increasing 
levels of damage to them had been tolerated over 
time, based on the rationale that nothing bad had 
happened yet. Likewise, foam and other debris 
had been falling during shuttle launches since the 
beginning, but it took until 2003 for something ‘bad’ 
to happen. 

Teams combed Texas and Louisiana for debris, 
organising what they found on a grid painted on 
the floor of the shuttle's hangar. Eventually more 
than &4,000 pieces of Columbia were recovered, 
representing some 38 per cent of the shuttle. 
Tellingly, there is a lot more debris from the nght 
wing than from the left, the plasma generated 
by reentry having burned away the aluminium 
alloy used for the internal struts. Of the 137 rolls of 
photographic film carried on the shuttle, 2] were 
recovered and developed. 

Following the commission's report, NASA 
immediately put what it had learned from the 
investigation into practice. Speaking at the time, 
NASA administrator Sean O'Keefe said: “The 
findings and recommendations of the Golumbia 
Accident Investigation Board will serve as NASA's 
blueprint. We already have begun to take action... 
and we intend to comply with the full range 
of recommendations.’ 

And they did. Following the loss of Columbia, 
and the 29 months the shuttles were grounded, 
there was a change in the shuttle programme. All 
but one of the remaining missions, before the fleet's 
retirement in 4011, were to the International Space 
station, which was hoped could offer a safe haven 
for astronauts whose orbiter had suffered damage 
while a rescue mission was scrambled. 

The odd mission out was a 2009 trip to the 
Hubble Space Telescope by Atlantis, adding new 
instruments and replacing batteries, sensors and 
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One of shuttle Columbia's main engine powerheads 
found on the grounds of Fort Polk, Louisiana 
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Amemorial plaque mounted on the back of the 
high-gain antenna on the Mars rover Spirit 





“The findings and recommendations of the 


Columbia Accident Investigation Board 
will serve as NASA's blueprint” sean oxeefe 


eyroscopes. It's interesting because its trajectory 
meant it was in greater danger than usual of 
encountering orbital debris. In keeping with the 
new focus on safety and damage assessment after 
Columbia's loss, a US Navy NP-3D Orion aircraft 
outfitted with a long-range infrared camera was 
deploved to track the shuttle in flight. 

Focusing on an object flying at 15-times the 
speed of a bullet, while aboard a moving aircraft, 
would prove quite ticky - as flight operations lead 
Steve Tack explains: “You only have one shot. It's 
not hke you can ask them to go around again and 
give us another try. It's a really exciting time, that 
30 to 40 seconds when the shuttle is just screaming 
past us at Mach 15 and were making a really hard 
turn to maintain tracking on it 

The first launch following the resumption of the 
programme was the shuttle Discovery on 26 July 
42005. Having delivered supplies and a new module 
to the ISS, Discovery would go on to land safely - 
the only casualty being a bird that flew into the top 
of the rocket 2.5 seconds after ignition. However, 
127.1 seconds after liftoff, debris was seen to fall 
from the external fuel tank. Luckily it did net hit the 









shuttle, but fnghteningly another piece, around 20 
seconds later, did. 

As part of the recommendations made by the 
Columbia Accident Investigation Board, Discovery 
Was carrying an Orbiter Boom Sensor System 
(OBSS) - a 50-foot space selfie stick that was held by 
the shuttle's robot arm and used a combination of 
cameras and lasers to scan vulnerable parts of the 
shuttle after it entered orbit. As a further precaution, 
the shuttle executed a backflip manoeuvre before 
docking so it could be photographed from the 
ISS. No damage was seen, but NASA suspended 
shuttle flights again until the foam problem could 
be solved. It would be almost a year until the next 
shuttle launch. 

The seven crew members lost with Columbia 
included the first Israeli in space, fighter pilot Ilan 
Ramon, as well as experienced astronauts, scientists 
and former US Air Force and Navy personnel. A 
lasting tribute came in the form of seven asteroids, 
discovered in July 2001: 51825 Rickhusband, 

51824 Mikeanderson, 51825 Davidbrown, 51826 
Kalpanachawla, 51827 Laurelclark, 51828 [anramon 
and 51829 Williemecool all orbit the Sun in the 
asteroid belt, between Mars and Jupiter. “Asteroids 
have been around for billions of years and will 
remain for billions more,” said Dr Raymond 
Bambery, principal investigator of the NASA 

Jet Propulsion Laboratory's Near-Earth Asteroid 
Tracking Project. “I like to think that in the years, 
decades and millennia ahead, people will 

look to the heavens, locate these seven celestal 
sentinels and remember the sacrifice made by the 
Columbia astronauts.” 

Along with those asteroids, many statues 
and the Columbia Memorial Station on Mars, a 
memorial stone to the Columbia crew stands in the 
Arlington National Cemetery, Virginia, also home 
to amemonal to the crew of the shuttle Challenger, 
lostin 1986. Perhaps a greater tribute to the lives 
lost is the continuation of the space programme, 
as President Bush said in his address after the 
Columbia's destruction: “The cause in which they 
died will continue... our journey into space will 
go on." 
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still being applied today, nowhere more so 
than in the design of the Orion capsule 
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waterproof boots! 


Ared torch 


(J You'll need something to find 
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film to preserve everyone's 
Wn eT 


Binoculars 

CJA good pair of binoculars is 
ie er aa ml ee ae 
you fantastic views of celestial 
objects under a dark sky. 
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Telescope 

CJ lf you have a telescope, take 
melt Melt ele ga ma ete 
LAC OM Meee lene ecto 
look through other people's. 


Seem see 

C) You'll want to take advantage 
of the dark sky to take photos 
of the constellations, so dont 
forget your camera! 
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Mobile phone or tablet 
ru astronomy apps 

CJ Planetarium apps on your 
mobile device will be invaluable 
eRe ee a LY 

ET Ce elated an 





Contact information cards 
LJBe sure to take some cards 
eR et meeels fe leme |e] ee ee, 
you can give them to people 

you want to keep in touch 

with afterwards. 
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TIP 2 
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your camera, torch, telescope 
and star tracker before 
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Star parties 


© Handout ! Getty Images 





WHAT TO EXPECT 
AT A STAR PARTY 


Making the decision to go to your first star party 
can be a bit daunting. After all, it's a step out of your 
comfort zone and into the unknown. Will you fit in? 
Will you be welcomed as a newcomer with open 
arms, or will you feel like a stranger walking into a 
busy saloon bar, when the piano player falls silent 
and every head tums to look at you? 

Relax. Star parties are very welcoming events, 
run by enthusiasts who were once newcomers just 
like you. Star parties have their regular attendees, 
of course, but their organisers really do welcome 
new people, and work very hard to make them feel 

included in their events. You 
wont feel like an intruder. 
Because star 
parties are held at 
remote locations 
with dark slies, 
attending one 
usually - but not 
always - involves 


Star parties give astronomers a chance to 
try out other observers’ kit 
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camping. People pitch their tents, or roll 

up in their mobile homes or caravans, 

and enjoy the sky together for a weekend. 
Some star party sites have lots of facilites 

- hook-up electnicity, showers, warm rooms, 
kitchen facilities - but others are very basic and are 
essentially just a field. You have to choose which 
type of star party is right for you. 

Wherever it is held, at a star party the emphasis 
is on sharing - sharing information, advice and 
wonderful views of the sky. Daytimes can often 
be very busy. If the Sun comes out there will be 
at least one person there with a solar telescope set 
up to show people gorgeous views of any sunspots 
and prominences visible on the Sun's surface. If it's 
cloudy it doesn't matter, because there are usually 
talks given by guest speakers, and many star 
parties held workshops to help attendees get the 
most from their equipment or learn about astro- 
photography and practical observing, too. Most star 
parties are supported by traders who set up their 
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stalls and have observing and 

photographic equipment for sale, sometimes 

at specially discounted prices. And of course people 
just hang out together, swapping stories, comparing 
expenences and looking at each other's telescopes. 

But it’s at sunset when star parties really come to 
life, As the Sun goes down, an expectant hush falls 
over the star party. Using red torches to guide them 
safely around the darkening site, people go to their 
telescopes and start to observe, or take photographs. 
The still night air fills with the sound of telescope 
motors whirring, camera shutters clicking and 
whispers and laughter, as people enjoy being out 
under a starry sky much darker than the one they 
see at home. 

some people go to star parties for general 
sightseeing. They skip from one object to another, 
seeing as many different galaxies, nebulae and 
clusters as possible in the precious time they have 
there. Other people focus on one particular class 
of object, or even just one object, observing and 
photographing it very intensely. 

One of the greatest joys of a star party is just 
wandenng around, looking through the telescopes 
there. Although a few will be off limits because 
their owners are doing some senous observing or 
photography, most people are delighted to let you 
look through their telescope, and will happily swing 
it around to any object you really want to see. 

This is my favourite thing about star parties 
- they give you an opportunity to look through 
telescopes you can only dream of owning yourself, 
telescopes that you will never be able to afford. 
Most star pares will have at least one ‘monster’ 
Dobsonian telescope set up, a great cannon pointed 
at the sky which offers jaw-droppingly beautiful 
views of Messier objects and any planets on view at 
the time. 
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‘You will be able to enjoy being under a 
sky much darker, and blazing with many 
more stars, than the one you are used to” 
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Kielder Campsite, Kielder, 
Narthumberland 


Adderstone Field, Dalby Forest, 
North Yorkshire 


Penmaenau Farm, 
Builth Wells, Llanelwedd, Wales 


Cwmdu Campsite, Crickhowell, 
Powys, North Wales 


Drumroaamin Campsite 


Skellig Lodge, 
Ballinskelligs, Ring of Kerry, County 
Kerry, Ireland 


Breezy Hill, Springtield, 
Vermont USA 


Camp Billy Joe, Oklahoma 


Prude Ranch, 
Nr Fort Davis, Texas 


South Rim, 
Grand Canyon National Park 
Arizona 


Jeénigk, Dorfstrae 18 
D - 04916 Jesnigk-Schonewalde 


Wiruna near Ilford, NWSW. between 
Lithgow and Mudgee 


Near Tarjan Village, Hungary 


Kambro guest farm, 2Okm north of 
Britstown Karoo 


River Place Park, West Grey, Ontario 
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14-19 March 2078 


- 12 August 2018 


August 2018 


14-1 April 2018 


8-1] September 2018 


19 - 25 March 2018 


10 - 12 August 2018 


- 12 August 2018 


- 14 October 2018 


- 13 May 2018 


9-16 June 2018 


6 - 9 September 2018 


IO -13 May 2018 


9-12 August 2018 


- 12 August 2078 





Long weekend of stargazing under some of the darkest 
skies in the UIs. Talks and vendors. Campsite has 
electricity, showers and popular “Warm Roony. Area 
popular for walking and cycling. 


Family-friendly starcamp held in North Yorkshire. No 
electricity on campsite. Wide, open sky guarantees great 
views of the Milky Way. 


Unique mix of astronomy and music at this festival. 
Features lots of competitions and fun activities as well as 
stargazing and illustrated talks. 


Very popular star camp under a very dark sky. Lots of 
fun and social activities to enjoy during the daytime. 


Very dark, remote site, One of darkest skies in the 
whole of the UK. Limited facilities on-site but very 
popular event. 


Most popular star party in Ireland, attracts stargazers 
from all over the UK. Very attractive location 

on Insh coast makes it especially popular 

with astrophotagraphers. 


Mainly a gathering for skilled telescope makers, but also 
features stargazing. Lots of workshops and presentations. 


Very popular star party at a very dark location. 


One of the largest and most popular star parties held in 
the Us. 


Very popular star party held near one of the most 
famous natural landmarks in the US. Few daytime 
activities as most people sightsee at the Grand Canyon. 


One of the largest and most popular German star parties. 
Attendees enjoy workshops and lectures. Cafes and 
even a restaurant on-site, Lots of large telescopes, often 
including a 42° refkector! 


One of the southem hemisphere's largest star parties, 
held ata 100-acre darlesky site. Regularly attended by 
between 200-400 people. 


Very popular meeting organised by the Hungarian 
Astronomical Association, named after their members’ 
magazine, Meteor 


Small-scale star party held under the dark South African 
skies. Fantastic views of the southern Milky Way. 


One of the largest and most popular star parties in 
Canada. Clear skies would guarantee excellent views of 
the Perseid meteor shower. 
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WAITING TOBE 
DISCOVERED 


ne Haynes 


shows you how 


fv www.haynes.com 


Our first Fully 
automatic mechanical 
mini-mount 


MiniTrack LX2 

» For amazingly beautiful star field 
photos that anyone can lake 

» No need to charge, works Wie 2 
clockwork mechanism independent of 
battery or power outlet 

» 26 hours operation, simply wind up the 
mount fo start tracking immediately 

» Fits in your rucksack, perfect for any 
trip fo. a dark sife 


10) ae 


Enter the productnumber in (ie seerch fel. 


Also available a5 set: 


56106 £132.00" 


"Camera and tripod 
not included 


flea see 
www.Astroshop.co.uk 


All brands 

3,000 sqm of storage 
area, Many items 
immediately available 
Personal advice locally 
on the phone and by 
e-mail 

Superb after-purchase 
service 

Own workshop 
including optical bench 


ASIOSNOD.CO.Uk is 2 SECON Of nimax GMb. You will find 
more information about our company at www nimay.de 
Prices are subject to change and errors are exceoted. 














\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


What's in the sky? 


In this issue... 


VE ae mee) 4g 
February opens up some 
wonderful sights for observers 
OLdGee leh Oe) e ees ted 


tee Elta 
Mars is warming itself up for 
Lec OOO DOCOMO N 
Venus is a bright evening star 


This month's 
naked eye targets 
The Big Dipper and easy-to- 
observe targets are on show 


Moon tour 
Take a visual journey to one 


jp fet=yeR a are Cee 
AVEO OOM colleen e CORDON 
with the Jellyfish Nebula and 
Mea ee eMC 


How to... Report 


a discovery 
OST nD eae emcee bare e) ent aamO nner 
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The Northern 
Hemisphere 
Look for some orange giants 
hidden in the Unicorn 


Cem 
Telescope 
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Globular cluster NGC 2808 
in Carina is well placed for 
observation 


Conjunction between 
the Moon and Mars 
in Ophiuchus 


Partial solar eclipse visible 
from South Georgia, 


Falkland Islands, Argentina, 
Chile and Uruguay 


Pats ihe mh 


Comet C/2015 O1 
(PANSTARRS) will make 
its closest approach to the 
Sun, glowing at 13.1 
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Conjunction 
between the Moon 
and Jupiter in Libra 


The Moon and Mars make 
a close approach, passing 
within 4°18 of each other 
in Ophiuchus 


Mercury is well placed 
for observation, 
shining brightly at a 
magnitude of -1.7 


27 


Open cluster IC 2581 is 
well placed for observation 
in Carina 


A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. 
A planet is in conjunction with the Sun when it andl 
Earth are aligned on opposite sides of the Sun. 


Right Ascension is to the sky what longitucle is to 


This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measurecl in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there 
are 60 arcminutes in a degree. 


An object's magnitude tells you how bright it 
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What's in the sky?/' 





When a celestial body is in line with the Earth and 
Sun. During opposition, an object is visible for the 
whole night, rising at sunset and setting at sunrise. At 
this point in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 


When the inner planets, Mercury and Venus, are at 


the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 


appears from Earth. In astronomy, magnitudes are 
represented on a numbered scale. The lower the 
number, the brighter the object. So, a magnitude of 
-lis brighter than an object with a magnitude of +2. 


their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morming stars during western elongations. 
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The Moon and Jupiter 
make a close approach, 
passing within 4°O/" of 
each other in Libra 
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Conjunction between 
the Moon and Saturn in 
Sagittarius 


FEB 


The Moon and Saturn 
make a close approach, 
passing within 2°27" of 
each other in Sagittarius 
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Open cluster NGC 3114 in 
Carina is well placecl for 
observation 


FEB 


Bocle'’s Galaxy (Messier 
81) is well placed for 
observation in Ursa Major 





Naked eye 


© Binoculars 
FEB r 

Open star cluster NGC , 
884 is well placed for | 


observation, glowing at 
magnitude 4 in Perseus | 


Small telescope 
’ Medium telescope 


Large telescope 
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Moon calendar 


* The Moon does not pass meridian on 1 March 
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Ilumination Full Moon 

Moonrise time New Moon 

Moonset time First quarter 
melts 
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Corona Borealis 
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OPPOSITION 





aad "aa -\ 5 & -Tej+] rt... ... , en 
ae seteatall basi cae ; Eset bOL PU JOSE Allrise and set times are given in GMT 
O7 FEB 14 FEB 21 FEB 28 FEB Date RA Dec Constellation Mag Rise Set 

20h 12m 10s -21°43'30" — Capricornus O6 07:21 15:30 
20h53m03s —--21° 43°30" —— Capricornus O6 07:25 ~~ 16:01 
21h41m 15s 16°03'23" — Capricornus 14 07:24 16:43 
22h29m45s_ 11°20". 45" Aquarius 16 O719 ~~ 17:30 
23h 17m 54s -05°37°05" Aquarius 14 07:09 18:20 
21h 20m 31s -16°56' 37" Capricormus 3.9 08:00 T/:08 
21h50m 15s -14°35' 57" Capricomus 3.9 O7:52 TA: 2? 
22h24mO2s ——--11°33°55" Aquarius 3.9 07:42 17:50 
22h57m00s -08°16'48" Aquarius 39 0730 18:13 
23h29m 18s -04°49'04" = Aquarius 3.9 O77 18:35 
16h 04m 47s -20°08' 38" Scorpius 12 03:04 11:33 
16h20mM08s -20°52'01" _— Scorpius 11 03:01 ‘11:21 
16h38mM06s  =--21°36'10" = Ophiuchus 10 03:32 13:30 
16h 56m 05s 22° 13' 11" Ophiuchus 09 02:51 10:52 
17h 14m O2s -22°43'OT = Ophiuchus 08 02:44 10:39 
15h 15m 30s 16°56'0T" Libra 2.0 O56 11:04 
15h 17m 53s 17°04 17" Libra 2.0 O35 10:42 
1Sh20m09s 17° 17 53" Libra 21 Ot 10:16 
15h 21m 53s W717 15" Libra 21 00:46 09:50 
15h 23m 00s 17°20'20" Libra 22 00:19 09:23 
18h 19m 52s -22°28'44" Sagittarius 06 05:34 13:33 
18h 22m 27s -22° 31 41 Sagittarius 06 05:13 13:12 
17h 58m 51s -22°30'51" _—— Sagittarius 04 0810 ~~ 16:13 
18h 25m 17s -22°25'57" Sagittarius O06 04:48 12:47 
18h 30m 16s -22°27' 38" Sagittarius 06 03:58 11:58 























This month's planets 


The Red Planet takes pride of place in the morning skies alongside Tival 
of Mars’ Antares in the constellation of Scorpius 


- Constellatjon: Sqorpius 
Magnitude: 0.8 
AM/PM: AM - 
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After spending several miserable months being little 
more than an extra making up the numbers in the 
night sky's crowd scenes, Mars is finally starting to 
take its rightful place as one of the most beautiful 
and striking objects up there. In summer, when 
it is at its closest to Earth, it will be a wonderful 
sight after dark, and we'll be giving you alot more 
information about it, and how to see it in all its glory. 
As February begins, Mars will be an obvious 
orange-red star in the morning sky. Rising at around 
3am and shining at a very respectable magnitude 
L2, it will be as bright as the summer star Deneb, or 
the ruddy star Antares, the brightest star in Scorpius 
- its constellation of residence for the month - which 
will be very close to it in the moming sky. Antares 
actually means ‘Rival of Mars’ so during this month 
it will be very interesting to compare the colours of 
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SSE 
05:00 GMT on 10 February 


Mars and the star it was named in honour of, and 
see which of the two has the reddest hue to your 
eyes. On the moming of 10 February Mars and 
Antares will have the same bightness, both shining 
at magnitude 1.1, and will also lie just five degrees 
apart, making them look like a wide double star’ in 
the moming sky. 

As the month begins, Mars will be easily visible to 
the naked eye without any help from binoculars or a 
telescope, but if you can look at it through a telescope 
you should be able to see light and dark markings on 
its disc, and maybe even glimpse its bight ice cap 
foo. If you cant see them through your telescope this 
month, dont worry: you definitely will in summer! 
During the final days of the month, Mars will start 
fo give a tantalizing hint of just how beautiful it 
will appear in the summer. It will have bnghtened 





considerably and will be shining at magnitude 0.8, 
almost equal in brightness to the beautiful star Altair. 
For the whole of February Mars will be the filling 
in a pre-dawn planetary sandwich, with fainter 
Satu to its lower left and much brighter Jupiter 
to its upper night. Early in the month it will also be 
joined in the pre-dawn sky by the waning crescent 
Moon. On the morning of 8 February the Moon will 
shine to Mars’ upper nght. The following morning 
Mars and the Moon will be just three-and-a-half 
degrees, or seven Moon widths apart, and with 
satu shining serenely to the pair's lower left and 
Jupiter blazing to their upper right, they will look 
very striking. If you have a digital SLR camera 
that can take time exposures of several seconds 
you should definitely try to photograph the scene 
that moming. 



























































| Constellation: Capricorn moving into 


Aquarius 
Magnitude: 0.6, brightening to -1.3 
AM/PM: PM 


| On the very last moming of February, 
| Venus and Mercury will be just two- 
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Constellation: Sagittarius 
Magnitude: 0.6 

AM/PM: AM 

Although you'll need a telescope to 
see the nngs, even a modest pair of 
binoculars will reveal Saturn's largest 


ats 31>) 3) an 
_ en \ 
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SCAT Ue 


and-a-half degrees (five Moon widths) 
apart, looking like a wide double star 
to the naked eye. By the last day of 
February, the speedy world will be 
obvious to the naked eye, shining at a 
very respectable magnitude -1.3. 


SSE | 


moon Titan. The waning Moon will 
appear to drift past Saturn between 
ll and 12 February. Only four degrees 
apart before dawn on the 1ith night, 
Satum and a thin crescent Moon are 
certainly worthy of a look. 
















































































IThis month's planets/" 





Constellation: Capricorn moving 
into Aquarius 

Magnitude: -3.9 

AM/PM: PM 

Dunng the latter part of February, 


| Venus will become a very bight 
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Constellation: Pisces 

Magnitude: 5.8 

AM/PM: PM 

If you like an observing challenge, 
then Uranus is the planet for you this 


| month. Its magnitude of 5.8 means it 


cP 0 
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‘Evening Star’, blazing in the west after 
dark. Venus will lie to the upper left 

of fainter Mercury, but look out for a 
beautiful, blade-thin crescent Moon 
shining 1] degrees to the upper left of 
Venus after dark on 17 February. 


Constellation: Libra 

Magnitude: -2.0 

AM/PM: AM 

February will be a great month for you 

if you like observing the largest planet 

in our Solar System - but only if you 
enjoy getting up early in the morning. 
Throughout February, Jupiter will be on 
the end of a long ‘chain’ of planets, with 
Mars and Satum to its lower left. Of the 
three worlds Jupiter will be by far the 
brightest, a stnking sight to the naked eye. 
Look out for a beautiful waning crescent 
Moon passing Jupiter on the momings of 
¥ and 8 February. Before dawn on the &th, 
the Moon and Jupiter will lie just under 
five degrees apart, making a very attractive 
sight in binoculars or a small telescope. 


s 





is technically a naked-eye object, but if 
you need a little help tracking Uranus 
down, look for it after sunset on the 
20 February, when the faraway world 
will lie just six degrees to the right of a 
lovely crescent new Moon. 
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Top tip! 
Kepler will be at 
its best at one day 
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Kepler crater 


Get to know one of the brightest 
features on the lunar surface 


The Moon is a spectacular sight 
through any telescope - even a small 
one with low magnification - but 
not when it's full. Hearing that often 
surprises people; they think that 
‘bnght equals best when looking at 
something through a telescope but 
the opposite is true. When the side of 
the Moon pcinting towards the Earth 
is fully illuminated by sunlight, our 
planet's natural satellite is so bright it's 
almost impossible to look at through 
a telescope eyepiece. If you can 
manage being dazzled by it for more 
than a few seconds, all you can see is a 
flat plate with grey and white patches 
splattered on it. 

If you look at the full Moon through 
a modest pair of binoculars, or with 
just the naked eye, you will notice 
there are four very bright white ‘spots’ 
on the Moon with what appear to be 
bright lines streaking away from them. 
They look like the holes stones make 
in icé when thrown onto a frozen-over 
pond. These bright spots are in fact 
craters, which are relatively young 
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when compared to the Moon's other 
impacts and its dark ‘seas. One of 
these young craters is Kepler, which 
can be found on the westem side of 
the Moon's face, below and forming 

a triangle with the equally youthful, 
but bnghter and more obvious craters 
Copemicus and Anstarchus. 

Kepler was formed around 1.1 
billion years ago in what is known as 
the “Copemican Era’, when a huge 
asteroid barrelled in from deep space 
and slammed into the Moon's surface, 
blasting a 32-kilometre (20-mile) wide 
and 2.6-kilometre (L6-mile) deep 
hole out of the lava plain of Oceanus 
Procellarum. Like its near neighbours, 
Kepler is notable because a huge 
amount of debns was thrown out of 
it, which sprayed up into the sky and 
splashed back down onto the lunar 
surface, leaving bright streaks and 
rays painted across it. The longest of 
Kepler's rays stretches for more than 
300 kilometres (186 miles) across the 
landscape. There aré more rays to the 
west of the crater, which suggests the 





asteroid which formed it came in from 
the east at an oblique angle, spraying 
debris away from the impact site. 
Through a telescope at high 
magnification, Kepler is revealed 
to be a fascinating feature. It has a 
roughly polygonal shape, with outer 
walls that are sharply defined and 
smooth-sloped. The inside of the 
crater is more complicated. Its inner 
slopes are terraced, leading down to 
a hummocky, crumpled floor dotted 
with smaller craters. Its central peak 
is neither very central or much of a 
peak, little more than a rough mound 
of material on the north-west part of 
the floor. To the north, large landslides 
have slumped down from the walls, 


and to the west a crescent-shaped 
ndge stands out starkly when the 
sun's light strikes it at an angle. 

Unlike some of the other major 
lunar features, no spacecraft - crewed 
or robotic - have yet landed close to 
Kepler, so its material has not been 
sampled. However, the crater has 
been photographed extensively over 
the years by many satellites and 
Apollo spacecraft too, so we have 
very detailed imagery of it to study. In 
2013, NASAs Lunar Reconnaissance 
Orbiter (LRO) flew over Kepler and 
its spy-satellite-like cameras took 
breathtakingly high resolution images 
of debris flows, avalanches of dust and 
rocks snaking and slithering down 
its slopes, just like we have seen on 
Mars. The LRO images clearly show 
the debris flowed towards, around and 
even over obstacles in its path. 

50, when can you see this 
fascinating feature? As February 
begins the Moon is just one day past 
full, so Kepler is fully illuminated and 
locking at its best straight away. 
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. "Polaris (Alpha Ursae Minoris).. a i es Merak (Beta Ursae 
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The Cigar Galaxy (M82) © 
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12 million light years away. 


Bode’s Galaxy (M81) 
Also known as ‘Bode's Galaxy’, NET 
RRs ec EPA mam r TD 
12-million light years away from us. 
At magnitude 6.9 it is too faint for 
_the eye to see, but can be seen as a 
tiny, misty oval through a good pair 
of binoculars on a dark night. 


The Whirlpool Galaxy (M51)e  - |” cr - oe tee p : 


This very famous galaxy is nicknamed The | os oe rts A fig ‘ae , . 
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How to... 


Watch the Moon 
block out Aldebaran 


Sometimes the lunar limb appears to pass in front of stars 
and other objects, including planets, in what is known as an 
occultation. Here's how to watch it happen... 


You'll need: 


Binoculars 

Telescope 

Wristwatch 

Digital camera (optional) 


On 23 February, the Moon will occult 
the bright star Aldebaran in the 
constellation of Taurus the Bull. Such 
occultations are fascinating events, 
but it can depend upon where you 
are on planet Earth whether you get 
to see it or not. Even if you don't see 
it, it is sill an interesting thing to 
observe, as the star will come very 
close to the Moon. 


Although still in daylight for 
observers in Europe at mid-northem 
latitudes, the event will be visible 
if viewed through binoculars or a 
telescope. Occultations such as this 
can, of course, occur at any time. As 
Aldebaran is a bright star, it makes it 
easier to spot in twilight, or even pre- 
twilight, skies. The star will appear 
to wink out as it passes behind the 
unlit portion of the Moon, which will 
be in its first quarter phase, and it 
will reappear suddenly from behind 
the illuminated side of the Moon 
around an hour later. The skies will 
be noticeably darker then, which will 
make it easier to see. How long the 
event lasts depends entirely on where 
you are observing from, as this will 
govern the ingress and egress points 


"Tt can depend upon where you 
are on planet Earth, whether 
you get to see it or not” 


82 


of the star behind the Moon. You may 
even witness an event known as a 
grazing occultation’ if you are located 
on the nght part of Earth. This is 
when the star appears to skim the 
edge of the Moon and can seem to 
wink on and off as it passes behind 
mountains and other features on 

the edge of the lunar disc. If you are 
observing from some parts of Spain, 
for example, you might see Aldebaran 
do just this. You will need to check 
your location carefully on the 
Internet to find out your likelihood of 
observing this phenomenon. 

Apart from being fun to watch, 
these observations can be of scientific 
interest too, as long as you have an 
accurate way to time the event. That 
aside, you can enjoy the occultation 
in different ways: just visually, or by 
recording the event using a still or 
video camera. Although occultations 
occur fairly regularly, the ones 
involving bright stars or planets are 
considerably less frequent, so make 
the most of this one. 





Consider a telescope 

You should use a low-power eyepiece 
with a good field of view for optimum 
observation. 


Be prepared 

Set up your telescope in good time 
to watch this event. This particular 
occultation occurs during the 
daylight hours, making it tricky to 
find Aldebaran. 


Timing is everything 

It depends on where you are as to 
when the star will pass behind the 
Moon and reappear. Knowing your 
location will help you to work out the 
exact moment of the occultation. 


Make the most of 

a wristwatch 

lf you want to record the timing, you 
will need a watch set to exactly the 
right time. Use your smartphone if you 
wish, but stick a red film across the 
screen to protect your night vision. 





| STARGAZER , 
Watch an occultation, 





Catch the Moon hitting a Bull's eye 


They might be a simple spectacle, but occultations are also a rewarding observation 


You can use a DSLR or astronomical video camera 
to record the occultation event. Video is probably 
more interesting than just shooting stills. You will 
need a telescope and mount which can track the 


The website of the British Astronomical 

Association (BAA) is a good place to visit to 
check visibility, since it will be able to supply the 
observing conditions in your area during the event. 


| Check your local visibility 





Look to make a video 
Set your video camera running just before 
the actual occultation to build the tension in 


your video. Before you film the event, you should 
run ‘filming tests’ to make sure everything works. 








Moon reasonably accurately for this, at least for 
the hour or so that the occultation will last. Again, 
check the Internet for accurate local timings of 
ingress and egress. 








send your photos to 
space@spaceanswers.com 





\ Set up your equipment in Make use of a wristwatch 
plenty of time Check and make sure your wristwatch or 
You should make sure everything is working other timing device is set accurately. If it isn't 


properly in advance, otherwise you mun the nsk of 
missing a good view of the occultation. 


you will end up missing the event entirely, so it’s 
essential that it's set nght down to the very second. 


a 


6 Send your details to the IOTA 

send your video with timings and location 
to the International Occultation Timing 
Association (IOTA). This will also allow others who 
missed the event the chance to see it. 


Wait for Aldebaran 
Again, set your camera running before the 


expected reappearance of orange giant star 
Aldebaran. The star will appear within moments, 
so ensure youre ready! 
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Tour the twins and a crab 


The might skies of February contain some 


beautiful star clusters and nebulae suitable for all 
sizes and types of telescope 


The constellations of Gemini and Cancer ride 
reasonably high in the sky at this time of year 

from mid-northern latitudes, and contain some 
spectacular star clusters and a very interesting 
nebula, which is, in fact, a supernova remnant. 
Gemini borders the Milky Way, so is well positioned 
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to collect some of these lovely objects. It also 
contains a well-known and lovely double star, alpha 
(eminorum or ‘Castor’, easily splitin any size of 
telescope. Gancer, although fairly sparse on the 
deep-sky objects, does contain two impressive and 
interesting star clusters worthy of telescope time. 
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This is a small but attractive open star cluster 

resting on the border of Gemini and Taurus. 
Through binoculars, the cluster looks like a hazy, 
white patch, while medium-aperture telescopes will 
reveal a bight appearance. 


Messier 35 
/ Messier 35's brightest stars can be resolved 


: using 10x50 binoculars. However, to see the 
fainter members of this open cluster youll need a 
telescope between 6 to 8 inches at low power, truly 
teasing out a full field. 


| NGC 2129 (Collinder 77) 
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~, IC 443, also known as the Jellyfish Nebula 
for obvious reasons, is best viewed through a 
telescope with a decent-sized aperture. Not too far 
away is IC 444 a diffuse feature that will require 
very good observing conditions to see. 


/) NGC 2395 
NGC 2395 is a challenging open star 


cluster, due to its sparsity. Despite its stellar 
members being spread out, the cluster can be 
captured in telescopes with smaller apertures, but 
you will require a medium power. 


3 Jellyfish Nebula (IC 443) & IC 444 
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Deep sky challenge, 


A well-known open cluster, the Beehive 

Cluster, also known as Praesepe (the Manger), 
is Visible using just the unaided eye, thanks to its 
magnitude of 3.7 A larger telescope will reveal its 
more than 200 stars in cnisper detail. 


5 The Beehive Cluster (M44) 


~ \ Containing stars roughly the same age as our 

, Sun, star cluster Messier 6/ has an apparent 
magnitude of 6.1 and sits between Regulus in Leo 
and Procyon in Canis Minor. The cluster appears 
about the same size in the sky as the full Moon. 


5 King Cobra Cluster (Messier 67) 


Beehive Cluster (Messier 44) 





©) Will Tinton; NASA; Adam Block) MountLemmonSkylenter University of Arizona; kiguel 6 aria; 





What do you do if you find something th. 
ORO ewe REV e- ose ewe nes owel 


You'll need: 


v Binoculars 
Telescope 
v Camera 

Star chart 

v Email access 


You have been looking at or imaging 
a particular part of the night sky and 
you've noticed something that you 
haven't spotted before. No doubt you 
scratch your head and take another 
look, just to be sure... 

More often than not, discoveries 
are Made by using astroimaging, but 
it is still possible to make a discovery 
with just the eye and a telescope, 
or even binoculars. Either way, the 
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process you need to go through 
to report your finding and have it 
venfied is more or less the same. 

You checked the star map and 
the thing you are seeing does not 
appear to be on it. You start to geta 
little excited, but what is this strange 
interloper and who do you tell? You 
don't want to appear foolish, so 
careful checking is most important. 
There are a number of ‘hoops you 
will need to jump through if your 
report is to be taken senously. You 
will need to be able to give the exact 
coordinates of the object, the nght 
ascension and declination, and say 
whether you believe it to be moving 
or not. You will need to be able to 
give a good estimate of the object's 
brightness and a full description. 

It is important to check with 
various sources of information before 


"Check with various sources of 


information before you report" 
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you report, and you need to be sure 
that what you are seeing isn't an 
imaging artefact, or the result of a 
nearby bright star creating a ‘ghost’ 
image. It is also important to check 
a good online star map to see if 
there are any known objects at the 
coordinates of your discovery. Many 
such objects turn out to be artificial 
satellites. It is wise to be a little 
patient and image or observe the 
exact same patch of sky the following 
night or subsequent nights to see if 
your find is still there. 

Depending on the type of object 
you believe to have discovered, an 
asteroid for example, you will need 
to report it to the correct authority. 
The Central Bureau for Astronomical 
Telegrams is one such cleanng 
house for objects such as comets and 
unusual variable stars. You can find 
the details of specific organisations 
from the International Astronomical 
Union, as well as other helpful 
information about how to report, and 
what to check before you do. 
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Know your coordinates 

You will need to supply exact 
coordinates of your object, so carefully 
check this with a star chart or mount. 


Work out the magnitude 

A good indication of the brightness 
of your discovery is important, so 
compare it to other stars. 


Check for movement 

Check to see if your object is moving 
over time in relation to the background 
stars. You will need to watch it through 
the course of the night in order to get 
an idea of its movement. 


Consider imaging 

If you used a camera to image the 
object, make sure you use the same 
settings to re-image it. 


Check the conditions 

Make a careful note of the atmospheric 
conditions at the time you discovered 
the object. 


— =a 


Reporting a find can seem daunting, but it’s 
Many discovenes are made by amateur 
astronomers. These are reported to the 
professionals to locate and study them in depth, 


but also to filter out known or misidentified objects. credited with the discovery. 


important to help further our knowledg 


| Report a ere | 
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This is why it is important to check as best you can 
for yourself before you report your find, as it avoids 
wasting time, and you stand a better chance of being 


send your photos to 
space@spaceanswers.com 
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Study the sky carefully 
Take note of the area of sky you have chosen, or the image you've taken, to 
_L see if you have spotted something new. Use a star chart for reference. 









a 
| Make a note of its position 
If you're certain you've found a new target, you should consult a star chart 
_ for further guidance. Plot its position, making a note of its coordinates. 


~) Examine your target carefully 


' Found something unusual? Take a careful look at it with your telescope 
J or binoculars. Undiscovered targets are often faint, so keep this in mind. 





— 1 


/| Use other targets as your reference 
_You should estimate how bright the object is in terms of apparent 
. Magnitude. Compare it to other stars or targets in the same field of view. 





Is it moving? 
—\ View or image the object on the next available night - or a few hours later 
’ - to see if it has moved. Check for known satellites and asteroids. 


File your report 
Email the correct body (details at www.iau.org) concerning the type of 


object you believe you've found, supplying specific details and an image. 
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The Northern 
Hemisphere 4 


If you haven't had the chance to observe some of the 
colder season's delights, now is the time to catch them 


If you enjoy observing some of the large stellar members of our galaxy, then 
Monoceros (the Unicorn) is the constellation to go to. Orange giants Alpha 
Monocerotis and Gamma Monocerotis show off their warm hues to owners 
of binoculars and telescopes and are just an astronomical stone's throw away 
from open star cluster Messier 50. 

Constellations Gemini (the Twins) and Canis Major (the Great Dog) are 
worthy of observation, too. In Canis Major you'll get to enjoy stunning deep- 
sky targets Thor's Helmet (NGC 2359), interacting spiral galaxies NGC 2207 
and IC 2163 as well as open cluster Messier 41. Head to Gemini to see the 
Jellyfish Nebula (IC 443), Medusa Nebula and Eskimo Nebula (NGC 2392). 








This chart is for use at 1Opm (GMT) 
mid-month and is set for 52° latitude. 
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Hold the chart above your : 7 | i o 
head with the bottom of the es 
page in front of you. 


0] 


re} 


Face south and notice 
that north on the chart 
is behind you. 


The constellations on the chart 
should now match what you | 
see in the sky. - 


ET tiat te Cor 
Sirius (-1.4) 
-0.5 to 0.0 
ORO cone Re) 
thon COM Re 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5to 3.0 
3.0 to3.5 
3.5 to 4.0 
4.0 to 4.5 
eens 
Variable star 
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Open star clusters 







Globular star clusters 
Sieg me emg 8] 8 |e 


Planetary nebulae Observer's note: Q 

The night sky as it appears. - 
Galaxies on 16 February 2018 at | 

approximately 10pm (GMT). 
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james Dean 
London, UK 
Telescope: Takahashi 130 
“Using a single exposure of 200 seconds 
through a modded Canon 600D, I imaged 
the Flaming Star Nebula (IC 405) in 
Auriga. This emission/reflection nebula 
surrounds the bluish star AE Aurigae, 
which I was able to capture beautifully. 

“Using the same equipment, I captured the Orion Nebula 
(M42), which is visible to the naked eye in the constellation 
of the Hunter, picking out the Trapezium open cluster at its 3 
centre and the gas and dust that surrounds it.” eee 
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. Calderbald 30, the California 
Nebula (NGC 1499), IC 348, the 
se eerste LBN 777 
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There is the option to 


produce deep sky images as 
well as video astronomy 





Altair GPCAM2 
olour Camera 290C 


An upgrade on a previous edition of this CMOS, this colour camera is capable 


of taking on the myriad challenges the night sky has to offer 
Telescope 


advice 


Cost: £239.99 (approx $299.00) 


From: Altair Astro 
Sensor size: 1/2.8 inch 











OS Beginners 

& Medium budget 
oo Planetary viewing 
6) Lunar viewing 
é" Solar imaging 
Video astronomy 
(S) Auto guiding 





Best for... 


Simple, easy and enjoyable; these 
are just some of the words we could 
use to describe the Altair GPCAM2 
colour camera 290C. It's elegant, 
lightweight design doesn't give off 
the impression of a high-tech piece 
of astrophotography equipment, but 
what is packed inside this hand-sized 
camera, that weighs less than some 
eyepleces, is more than capable of 
taking on the challenges that the 
night sky has to offer. 

Included in the full package is the 
Altair GPCAM2 colour camera 290C, 
a CS-Mount adapter with a built-in 
UV-IR blocking filter, a 5mm CS to 
C-mount telescope adapter, a 20mm 
nosepiece, a USB2.0 connector lead, 
a 4.lmm wide angle field-of-view 
meteor lens and a ST-4 guide cable. 
This equipment is a great starter pack 


to get an amateur astronomer, just 
looking at celestial objects through an 
eyepiece, into a long and illustrious 
astrophotography hobby. The camera 
has a 1.25° thread, which is compatible 
with most telescopes, meaning that 
all you need to do is take an eyepiece 
and plug it into the camera. Operating 
the CMOS is straightforward, as when 
It 1s attached to the telescope, it can 
connect to a computer via the USB 
lead, before users need to install the 
appropriate drivers. The instructions 
for installing the software is clearly 
detailed in the accompanying manual 
and only takes a matter of minutes. 
Unfortunately for our Mac or Linux 
readers, the drivers are only accessible 
on Windows. Once installed, the 
interface 1s clear, concise and doesn't 
make for too much hassle. 


“The interface is clear, 


concise and doesn't make 
for too much hassle’ 


From here, the telescope and 
camera is set up and ready for a 
night of observations. With such 
ease in switching between the 
camera and eyepieces, it makes for 
an enjoyable night of interchanging 
views. The camera has proved to be 
very successful when conducting 
planetary observations, snapshots 
of the Moon and checking out 
sunspots (providing you have a solar 
filter, which is essential). However, 
the main challenge when it comes 
to astrophotography are the deep 
sky objects, and the SONY Exmor 
IMX290 colour CMOS sensor is 
capable of accepting this challenge 
and yielding impressive results. 
With a pixel array of 1920x1080 
that outputs over 2 million pixels, 
each with a size of 2.9 microns, this 
CMOS sensor is equipped with a high 
sensitivity whilst being able to keep 
extrinsic noise to a minimum. 

When it comes to deep sky objects, 
much like the Crab Nebula (M1), you 
need to follow the object as it moves 
through the night sky, so you dont 


The casing of the | 
camera is Very sturdy, ~~ 
and its cylindrical design 

helps improve cooling 


cause a smudged image. To do this, 
it's necessary to have an equatorial 
mount that's either motorised or 
at least comes with an attachable 
motor drive. From this, you can 
connect the GPCAM2 camera to the 
equatorial mount drive and use its 
autoguiding system. This will allow 
the camera to track an individual 
star, keeping the object centred in 
the field of view whilst collecting as 
many photons as possible resulting in 
a sharp crisp colour image. This ST-4 
port is compatible with most popular 
mounts, including 1Optron, Celestron 
and Sky-Watcher. 

Using the computer operating 
system, you also have the choice 
of either an 8-bit or 12-bit system, 
and you can also change from a 
1920x1080 array to a 640x480 and 





320x240. This vanety of pixel options 
gives you the choice of focusing on 

a high pixel count, leading to a high 
quality image, but at the sacrifice of a 
slow frames per second (FPS) rate. A 
high pixel count will come in handy 
when carrying out exposures of a 
planet; the best example is Jupiter, 

as you can gain fine details of its 
gaseous surface. On the other hand, 

a shorter frames per second rate 

will provide you with a mutch faster 
response time, which comes in handy 
when conducting star trails and 
capturing the paths of meteors racing 
through the night sky. 

In our use of the camera, we are 
highly impressed by how low the 
amplitude glow was when conducting 
long exposures. It was only until 
we got to the minute mark, with 


“The high pixel count comes 
in handy when carrying out 
exposures of a planet” 


STARGAZER 


Camera advice 


exposure times, did we start to be 
affected by the amplitude glow. To 
combat this, it is best to gain multiple 
short exposures and then combine 
them using a stacking computer 
program. A computer program like 
‘Registax’ would come in handy for 
a job like this, which is an image- 
processing program that combines 
images of the same astronomical 
object to create fine images of your 
chosen target. 

Dunng our review, we decided to 
try out the camera's capahilities on 
Jupiter shining at a magnitude of -L.8, 
a target that was easily recognisable 
in the clear night sky. As is shone 
so brightly, it did not require a 
long exposure time, lasting for a 
fraction of a second. We turned on 
the auto-exposure option to let the 
camera tackle the exposure time, 
and it retumed an image of great 
quality, with the bands of the gas 
giant, clearly contrasting in colours 
and wonderfully crisp. Afterwards 
we turned our attention to the 
constellation of Andromeda to hunt 
down the Andromeda Galaxy (M31), 
our neighbouring spiral. With several 
short exposures stacked together, 
we wete able to deduce the central 
illuminated bulge with dust trails 
encompassing it. This was a fantastic 
sight, but the field of view was too 
small to include the entire galaxy. A 
mosaic image of the structure could 
be produced, combining several 
images of different areas of the galaxy, 
but this would require further image 
processing on a program like Adobe 
Photoshop. From our observing 


The operating system for the GPCAM2 
is only accessible on Windows 








This camera 1s capable to image the 
Moon, the Sun and plenty of deep sky 
celestial targets 


session with the GPCAM2, the images 
produced are fantastic, while keeping 
extemal noise to the very minimum. 
Qur overall impression of Altair 
Astro's camera 1s very positive, 
as it proved to not only meet our 
expectations, it actually surpassed 
them. It has the same design as 
the GPCAM2 224C, which we 
have previously reviewed at All 
About Space, but its sensor has 
been upgraded. This makes a huge 
difference to the quality of the 
images and gives an excellent value 
for money when it comes to other 
compact astronomy cameras. 








AMEADE 
LIGHTBRIDGE 
MINI130 


Touring the night sky has never been.easier with the Fi 
offering from Meade Instruments and ect ar UK 

















The ultimate grab-and-go telescope, the 
Pifsda deja lelecsm Rie eco alate Malem We om Ome esd A 
observing experience of its larger truss-tube Dobsonian 
cousins without compromising portability - just 

MR met meme wee e-em ew iam eh eRe sale melee 
stargazing experience in seconds. 

Boasting an impressive 130mm parabolic aperture 
with a 650mm focal length, the LightBridge Mini 
features a simple point-and-look design that makes Z . 
navigating the sky effortless. Its light-gathering abilities ee (2) 
SUiReue chieth utente uta che atten cert | “hy 
planets and a selection of deep-sky objects, such as : & 
galaxies and nebulae. The Vixen-style dovetail offers xf See ~) 
aniMI QM lie ule MoM oR ui eMin elem uel , : & 
the parabolic mirror provides images with stunning yo | a 
eenscciee lnm eile f | 


To be in with a chance of 
winning, all you have to do is 
answer this question: 


LIGHTBRIDGE 


MV N Te 


Congratulations 
to Ronald Hemes, 
ib emi eth 
Piece ces iti al rete Mes 
C: Jupiter and Mars 
alts aatae Rinse IIeele 


space@spaceanswers.com or by post to 
All About Space competitions, Richmond House, 33 a 
Richmond Hill, Bournemouth, BH2 6EZ MEADE 


INSTRUMENTS  solut 
Visit the website for full terms and conditions at www.spaceanswers.com/competitions ee 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 


Planet Earth 
ea trae eta 


Mobile Stars Planetarium 
The Sun provides our energy to live and is used for timekeeping. 
The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
Constellations can be used for navigation. 
Astronomy is one of the oldest sciences. 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of ther own home. 


Of paramount importance to us Is the one-to-one contact students have with their tutor, who ts readily 
available even outside of office hours. Our populanty has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With cach successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our Website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 


Courses available for enrolment all year round. 


@ 01616539092 www.planeteartheducation.co.uk 


ADVERTISE HERE. 
CALL 01225 687368 NOW 
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: TARGAZER 
In the S | lO The latest books, apps, software, tech and ‘ 
accessories for space and astronomy fans alike» 
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Cost: £14.99 (approx. $20.33) From: Octopus Publishing Group 

Particle physics is a tough subject. It's packed of ideas that we cant see, but have been proven. To our current 
understanding, the Standard Model of particle physics is the best theory we can come up with to explain the 
smallest scales of matter, and was first stipulated in the 1960s and 1970s. It explains that atoms are made up 

of the fundamental particles, such as fermions, bosons, leptons and quarks. These are the building blocks for 

everything - including this magazine - at the tip of your fingers. 

With a subject that can be so difficult to understand, there needs to be a relatable, respectable and 
entertaining medium to explain such phenomena. What better to explain the building blocks of everything 
than the LEGO® building blocks everyone is so familiar with. When it comes to the content, we were 
impressed with the knowledge within the book's bindings. It covered all aspects of the history, present 
thinking and future thinking of the Standard Model. Combined with many well-designed LEGO® illustrations, 
these ideas become easier to understand and rather enjoyable. 


Program Aladin Sky Atlas 
Cost: Free From: wwwaladinwu-strasbe fr 


Most suited to professional astronomers needing an aid in their scientific research, this virtual observatory 
helps navigate through celestial objects while identifying surrounding neighbours. There are two modes 
of usage: there is the downloadable ‘Desktop version or the ‘Lite’ version. Aladin Lite doesn't require an 
installation process, as it is a simplified version that can be used on any modem browser. On the contrary, 
Aladin Desktop can be installed on Windows, Linux and Mac, but presents a simple and stale interface. 

Don't let the start of this review deter any less advanced astronomers, as not only is this program free, 
it also holds a vast catalogue of astronomical images from a range of sky surveys that can appreciated by 
anyone. The images aren't the only impressive aspect of the program, because there is also a fountain of 
knowledge on the tiniest objects present in the night sky. The infonnation comes from the SIMBAD (Set 
of Identifications, Measurements, and Bibliography for Astronomical Data) catalogue, as well the VizieR 
Catalogue Service. This would very much appeal to people who want to further their knowledge and 
understand the finest details of what is in cur enormous universe. 


Equipment Meade Instruments 15x70 AstroBinoculars 

Cost: £100.00 (approx. $135.63) From: Hama UK Ltd 

We were very impressed with the light-capturing capabilities of the Meade Astro Binoculars 15x70, as 
they brought some fantastic views into sight. Taking the price into account too, we would consider 
this a fantastic purchase. The focal length of the binoculars is /Omm, which provides a magnification 
of 15-times the power of our eyes. This allows deep-sky objects, for example the Andromeda Galaxy 
(M31) or Pleiades (M45), to be seen at a high quality thanks to its fully multi-coated optics. Also fitted 
on the binoculars is a centre focus mechanism and rubber eyecups to relieve the pressure on your 
eyes and make for a more comfortable viewing session. 

Itis surrounded with a rubber gnp, but underneath are Bak-4 Porro prism optics. These aren't a 
heavy pair of binoculars for most people, with the package also including a neck strap. However, it is 
still capable of being attached to a tiipod, allowing for more stable viewings of the Moon, planets, stars 
and so on. Overall, these binoculars would be best suited for intermediate observations of celestial 
objects, and will provide long, comfortable viewings. 








Accessories Meade Instruments Binocular Tripod Adapter 
Cost: £20.00 (approx. $27.13) From: Hama UK Ltd 
With spring rapidly approaching and the nights getting shorter each day, it would be best to optimise your 
night-time observing. The beauty of star spotting with binoculars is that they're more lightweight - and much 
less hassle - than telescopes, and they still open up a wealth of targets. To take advantage of what binoculars 
have to offer, a tripod would be very useful. 

When it comes to Meade Instruments, their binoculars - for example, the 15x70 binoculars reviewed above 
- will require this sturdy, metal tripod adapter. This adapter will allow you to attach your binoculars to either a 
Meade Classic 30 Photo Tripod or an Acrobat 80-Advanced Photo Tripod. This causes a problem, as the options 
of tipod seem very limited. The adapter is also fitted with a rubber pad at the base 
of the adapter, which helps to make sure the tripod and adapter will not be scratched or damaged when 
moving across the horizontal. Subsequently after examining the tripod adapter, we were happy with its design 
and usability. Although there is not much to brag about as it is only a minor piece of equipment, it still meets 
up to the designated requirements exclusively for Meade equipment. 
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“What better to explain the 
building blocks of everything 
than the LEGO® building blocks” 


Jemison 


The world-wise 
astronaut became 
the very first 
African-American 
woman in space 


Being sent into space is all about 
breaking the bounds of Earth and 
continuing to strive forward for 
humanity. Jemison personifies 
this attitude with her hard work, 
dedication and intelligence, which 
led her to being the first African- 
American woman in space. 

Born 17 October 1956, Jemison 
was born in Decatur, Alabama, but 
moved to Chicago, Illincis when 
she was three years old. All things 
science had captivated Jemison from 
an early age, including astronomy, 
biology and chemistry among other 
topics. This was inspired by her 
mother and father, who worked 
as a schoolteacher and carpenter 
respectively, and eventually led to 
her gaining a National Achievement 
scholarship to Stanford University 
when she was just 16 years old. 

she graduated from Stanford 
in 197¥ after recerving a Bachelor 
of Science degree in chemical 
engineering, while also fulfilling the 
requirements needed for a Bachelor 
of Arts degree in African and Afro- 
American studies. This led her to 
Cornell University, where she gained 
her Doctorate of Medicine degree in 
1981. While obtaining her doctorate, 
Jemison was able to travel the world 
and apply her skills in places such 
as Cuba, Kenya and Thailand. 

After completion of her doctorate 
and a few years as a general 


ison clocked up 190 hours 30 
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practitioner, she joined the Peace 
Corps, where she served as a 
medical officer from 1983 to 1985. 
This demanding experience meant 
she had to serve in Liberia and 
Sierra Leone, providing much 
needed medical support and care. 
Upon her return, Jemison took 
another ambitious step forward 
in her career and applied for the 
NASA astronaut program. After Sally 
Ride became the first American 
woman in space in 1983, Jemison 
felt motivated by the idea that 
the program had become more 
diversified. Unfortunately, due to 
the tragic events of the 1986 Space 
Shuttle Challenger disaster, the 
selection process was delayed for 
a year. It wasnt until 1987 when 
Jemison received the phone call 
to join the astronaut program, 
becoming one of 15 candidates from 
an outstanding 2,000 applicants. 
After much training, the dream 
eventually became a reality. On 12 
September 1992, Jemison became 
the first Afnican-Amencan woman 


‘All things science had 
captivated Jemison from an 


early age’ 
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in space when she was launched 
from the Kennedy Space Center, 
Florida aboard the Space Shuttle 
Endeavour. On this mission, more 
commonly referred to as STS- 
4) Mae was one of seven crew 
members that were responsible for 
conducting important experiments 
in microgravity. More specifically, 
she was coinvestigator on two bone 
cell research experiments, among 
many other experiments. This rare 
and truly breathtaking experience 
ended after just eight days, where 
Jemison got her tally of time in 
space up to over 190 hours. 

sadly, this turned out to be her 
one and only spaceflight, as she 
closed the curtain on her NASA 
career in March 1993. She has 
expressed how she felt confined 
at NASA, and that she wanted to 
pursue other important scientific 
Matters. Since then, she has been 
a professor, she has started up 
several companies heavily involved 
in the application of science and 
technology and she has received 
multiple honorary doctorates. 
For now, Jemison resides as the 
president of the ‘100 Year Starship’ 
project, which hopes to make 
human exploration of space beyond 
the Solar System a reality in the 
next lOO years. 
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These new lightweight and highly portable grab-and-go telescope ranges combine the thoughtfully designed and well-engineered 
AZ PRONTO and AZ5 DELUXE Alt-Azimuth mounts with proven high quality Sky-Watcher optics. Each model comes complete with an adjustable 
aluminium tripod with accessory tray and supplied with two manual flexible slow-motion cables, for easy vertical and horizontal fine motion 
control. Tracking is smooth and precise via their continuous worm-gear movements. The mount can also be moved around each axis manually, 
for rapid panning and elevation adjustments. It is often said that the best telescopes are the ones which get used most often - These new 
ranges are quick to assemble, extremely easy to use and are refreshingly brilliant in their convenient functional simplicity, that will encourage 
regular use by both beginners and seasoned observers alike! 


AZ PRONTO ALT-AZIMUTH RANGE | 





102mm (4") (412.7 MAKSUTOV-CASSEGRAIN 
; : The Maksutoy’s high-resolution multi-coated optical system, excels at 
Prod.Code 12/e He medium-ta-high powers for the examination of the surface detail of the 
Moon, planets and also for double-star observations. Gan also be used for 
daytime terrestrial observing. Supplied with 10mm & 25mm Eyepieces, 
90° Erect Image Diagonal and 6x30 
Finderscope. 
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Prod.Gode 10271 













90mm (3.5") {10 REFRACTOR 
A classic two-element, 
air-spaced, multi-coated 
achromatic refractor. With its 
long focal length it is ideal for 
the detailed high-power study of 
the Moon & planets. Can also be 
used for daytime terrestrial 
observing. Supplied with 
10mm & 25mm Eyepieces 
90° Erect Image Diagonal 
and 6x30 Finderscope. 


130mm (5.1") {/5 PARABOLIC a 
NEWTONIAN REFLECTOR 

With an extremely useful 130mm 

of light gathering aperture and a 
superd parabolic primary mirror, 
this is a highly capable all-rounder 
for the observation of the Moon, 
bright planets, nebulae, galaxies and 
star clusters. Supplied with 

10mm & 25mm Eyepieces and 


Red Dot Finder. ot: | 
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AZ5 DELUXE ALT-AZIMUTH RANGE 





Prod Code 10270 





AZ PRONTO MOUNT & TRIPOD 
Prod.Gode 20317 SRP £139 










Prod.Gade 10261 

102mm (4") {/4.9 REFRACTOR 

[deal multi-coated instrument for the widefield observation 

of deen-sky objects, such as nebulae, star fields, star Prod.Cade 10260 
clusters and galaxies. Gan also be used for daytime 
terrestrial observing. Supplied with 10mm 
& 2omm Eyepieces, 90° Erect Image 
Diagonal and 6x30 


Finderscope. i 
e 3 6; 













127mm (5") 1/11.8 
MAKSUTOV-CASSEGRAIN 

The Maksutov's high-resolution 
multi-coated optical system, excels at 
medium-to-high powers for the 
examination of the surface datail of the 


130mm (5.1") f/5 PARABOLIC 
av NEWTONIAN REFLECTOR 


With an extremely useful 130mm of 
ight gathering aperture and asuperb + 
parabolic primary mirror,.this is a 
highly capable all-rounder for the 














AZ5 MOUNT & TRIPOD Moon, planets and also for double-star 
Prod.Code 20311 observation of the Moon, bright observations. Can also be used for 
mp coon planets, nebulae, galaxies and daytime terrestrial observing. 
eit vi star clusters. Supplied with Supplied with 10mm & 25mm 
AZS MOUNT HEAD ONLY : " ‘ 10mm & 25min Eyepieces Eyepieces, 90° Erect Image 
Prod.Code 20312 \ and Red: DotFinder. | Diagonal and 6x30 Finderscope. 


Please contact us, or Check our Website for your Nearest Stockist 





Our Products are Available from Dealers throughout the UK 
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TO eae ee eas — Barr and Stroud Binoculars & Spotting Scopes 
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